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Foreword 






[NASA Administator, [eke exceptional pride in the manne in which 
innovative enteprenetrs ake NASAS revlutnnary technologie, which ae developed 
fr space and aeronautics programs, and adapt them othe benefit of everyone on 
amt. Tam prod ofthis apet of NASAS work becatse it shar just how connected we all are 
‘on his aml planet. This publication sumarises ust some ofthe application of NASAS 
‘ape, bringing the rls of investment in NASA to everyune dows. 

"This year we moved into anew era in human space exploration. We now have the Interna 
tional Space Staton well underway wth the vecond af au permanent crews aboard, As out full 
time habitation ofthe space environment grows, the pret and technologies needed to keep 
‘ur ese Kelty prove too. Thats why reach onthe effect of ypace wael living thingy — 
ally, discs, plant animals, and people—iso important. Just as important, isthe application 
ofthat koowedge tall of us hereon Earth Few people ae fortunate enough to yp into space, 
but many af us bene from what we lar by puting dose Few into tha most extreme of 

NASA reteatch and developmen programs, carted out under the guidance of our arate 
pln, ae carefully cated wo point NASA efforts twad scenic and ec adrances 
Seeded for aur laions in ypace and aeronautics. Through programs sich asthe Hubble Space 
“elacope andthe Chanda Xeray Telescope, we make breakthrough advance in ur knowledge 
ofthis ive. Through prorat that lok back atthe Earth Grote space, we inctease ur 
Inowledge of this fragile planet. We inves in research elated to area spacecraft, and dir 
propulsion systems, We study and develop new materials and process vo manufacture them (0 
‘he high nleranesrequited fr extreme environment. We avance the id of robotics and 
‘pple physic. We slo examine the efit of space travel on machines and onthe mos amazing 
‘machine ofal—the human body 

‘A technology developed to monitor the cardia ouput of ateonauts in space hasbeen 
sdapted no that phipicias on Earth can neat the ably of chee patientr ears wo deliver 
bod t the body. What was once an intnive procedure rquling 3 hospital tay can now be 
seplaced with eadings rom an external tonite. 

"Works who once bore ia dhe very dangerous job of inspecting pewoleu tanks ean do 30 
fom the safety of the contol of obote inspector The emeional apd Gnancial heartbreak of 
fie canbe reduced o eiinated altogether, with a coating developed fist for NASA heats 
and modi for we in building materials such as wood, platesboar, sel plate, ers 
aid cera. 

"This publication is ul of examples ofthe innovation of ur private sector. this inane 
tion that keeps Armetia a the forefron of sentifie and technical leadership. Many ofthe 
‘ceamples in ths publication are aupiin. many are inepirng all are incereing aed indicative 
‘ofthe welt and breadth of ou cllecive gens, 

‘When 1am sake what eelevance NASAsreteatch and program have o everyday if, ler 
peopl wo Spinoffthe stories behind the connection between NASA technology and beter ife 
forall. 


Ql ffe 


Daniel “Goldin 
Administrator 
‘National Aeronautics and Space Adminieation 
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— Introduction 





the abundance of technology development sed for its niaions withthe nation’s indus 

tre, These counties technlogis have not ony succeatllycootibued tothe growth of 
the US. eanonmy, but ao to the quality of leon Earth. For the past 25 yeas, NASA Spinal? 
publication har brought atention to thousands oftechnolopies, pode, and services that were 
Aevelped adie sel of commercial partnership between NASA andthe private busines 
setae Many of thee exiting technologies included advances in ceramic, computer ecology. 
fiber opie, and remove sensing. 

"New and ongoing research athe NASA fd centers coven fll spectrum of chnolgies that 
will provide numerous avantages forthe fature, many af which have made significant strides ia 
the commercial tke. The NASA Commercial Technology Newark play large oe tn ral. 
Fig this progres. By applying NASA technologie ach a data communication, stra de-icing 
technologies, and innovative mater o everylay Functions, American consumers and the nasil 
conor benef. 

‘Moving forward into the new millenium, dee new technologies wil urbe advance our 
<ountey position a the wold leader in seine and echnical innovation. These euting- edge 
innovations represent che investment ofthe US, cten in the Space Program, Sone ofthese 
technologie at highlighted in Spine 2001, an example of NASAS commitment to technology 
tmanfer and commercializaion aninance. 

“This year ie spolght the commercial technology efforts of NASAS John F Kennedy Space 
Cente: Kennedys extensive network of commercial technology opportunities ha enable ther t2 
become a leader in tchnology tare outreach, Ths kind of leadeship i exiled though 
Kennedy ecent partnership with che tate of Florida, working toward the development of the 
‘Space Experiment Rearch and Pocesng Laboratory, The new lboritor ete Fe ep toad 
the development of a proposed 400-acre Space Commerce Patk, located at Kenney Space Cente, 

Spinff once again, succes showeses the varity of commercial succes and benefits 
sevling fiom the tasfer of NASA techoology to private industry. 

tie with peat pride and pleasure that we present Spinaff 2001 wit a Special Milena 
Feature With hep fom US. industry and commercial technology programs, NASA will continue 
to aia in che presentation of innovative new produce to ou ation, 


bl Lee 


De Robert, Norwood 
Diresor, Commercial Technology Division 
[National Acronauis and Space Administration 
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Spinoff developments highligh inthis publication sr sed on information 
provided by secondary use of aerospace technology individuals, and manufacturing 
oacerns who acowledge that arorpcetechncogy contributed whelly cin ptt 
‘evelopment ofthe produc or proces dicibed. Publication herein docs no onsite 
[NASA endorsement of the producto proces, nor confirmation of manuficrtené 
petfortance cam related toch parla spinal development 
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ENN ON 


NASA vigorously pursues partnerships with the commercial sector that 
benefie both the national economy and the quality of our everyday lives. 
Each NASA field center invests a great deal of effort in technology transfer 
activities, resulting in new and innovative products and developments 

‘This section highlights the technology transfer programs implemented at 
the John E. Kennedy Space Center. Kennedys Technology Programs and 
(Commercialization Office supports the commercial development of space- 
age technologies through licensing agreements, partnerships, and Small 
Business Innovation Research and Small Business Technology Transfer 
programs. As we enter the 21* century, Kennedy's cutting-edge facilites, 
‘engineering know-how; and rescarch initiatives, coupled with their 
‘numerous commercial partnerships, ensures a continuance of tralblazing 
technologies to lead us into the new millennium, 





iybIpods 








he Technology Programs and Commercaiation 
(Office at the NASA John F Kennedy Space Center 
Florida i vigorously iemplementng Aminiseratoe 
Daniel S, Golds Agenda for Change by striving to increte 
ins umber of parnerhips wid the commercial sect. To 
fara this, stall of seven permanent NASA technology 
ttanfr profesional, ewe NASA rotational aigament 
employes, and eight oma suppor pei work within 
the raework ofthe office that encompasses technology 
valuation, intellecsl property, commerializaton, patent 
licensing, joint development partnethips, SBIRISTTR. 
rogars, rans and Space Act Award Kennedy Space 
(Centers patene counsel sad a paralegal alo spree office, 
Than effeew mee only liga Kennedys way of doing 
Isis with that of dhe private sector the Cente is support- 
ing the development and tanufer of technology leading to 
commercial products and services hough a mx of business 
practices and specific plan to leverage NASA resources 


Licensing 


Seve Kennedy deeoped technolo have eked in 
cate cee dering he pat ys acading 

+ Conducting Compons of Mae a tecnige tat 
tte temple pid pabmetatoe leet the 
tok ed preci of cena condocting 

tymens, 

+ Ga Lig Supenoni Cleaning and Cleaning 
tion Spay Speen, a perying mem er easing 
mechanic ompocens, which ese nd 
tpentes at ipdfcany lover pric 

«ct and Equpent fr Ncopen ride Wate 
CCooverion wo Fela acontl lemest vcha a 
aksogen oid wet cer vcd wed mon of 
toca fl ers 





— Spotlight on Kennedy Space Center 


+ Now-Lnuusive Cable Tee, for detecting shor of 
‘open cra in a shielded cable chat requiteslow 
Frequency inp: 

+ Inernet Display of PC GOAL Real-Time Data Using 
Java (View), 3 personal computer-based sfevate lor 
itbted snipe Space Shure substan status 
‘deplays 

+ Conron Resitnt Costing, elect canducive 
polymer coatings developed a coroon-peteting 
Coating for metal surfs and 

+ MulipurposeInpection Sofware, 2 custom 
sofevate jtem that automates the scheduling 
reporing, and tacking ofthe Gre inspection 
(prevention) proces 

Other technologie auch athe Remote Monitor Alarm 

System an ecvonic central monitaring system wed 

‘monitas malfunction ares and power supplies on remotely 

located equipenent modules of rateriting and recving 

equipment in fiberoptic communications new: 2nd 

‘Renate Location of Lightning Strikes, pce cat 

Aetrmines the loaliy of ightningstske within the 

petimeter of a launch pa, were censed non-exclastely 

‘Under s Dual Ue Cooperative Agreement, The Aeraspace 

Engineering Group of IDEA (Belle Maryland) vas 

compestivly selected wo joey complete development of the 

‘Automatic Put Fallout Monitor (APEM) with NASA, 

Fafiting an immediate demand a par of Intemational Space 

Station proceaing, The APFM mneeure the site and eumber 

fof pails as smalls 5 mserometes in diametey, hat te 

called on a witness uric and provides multiple deal 

‘es meaturernents that conform to Miliary (MIL) Standard 

1246 IDEA is comeerclizing the patented Kennedy 

invention drough an exclusive Lense and has argeted seve 

markers, inuding eospace, semiconductors, medicine, and 
tlearonic abiation. 




















Industry briefings area mechanism wed increasingly a 
Kenney Space Center to musket technologies tha have 
‘comme pplication. Two nich briefings were beld tthe 
‘Centr this yea, with epesentaties rom 20 companies 
‘benefiing fom 2 general session, which included 2 technical 
teeing by the inventory, allowed by breakout seins which 
sxblesed intlecl property tues and licensing species 
‘These iefings eahed in muhiple license applictions, fom 
hich ove licenses were negotiated, providing fate olen 
toNASA 


Parmershipe 


Key othe succes ofthe vchnology tafe function ae 
the partnerships hac dhe Center has etablibed. Recently the 
(Georgia Init of Technology was choten to operate and 
manage the Southeast Regional Technical Teaser Cener 
(SERTTC) unders five-year, $7 millon contac, with 
Kennedy acing asthe rpional NASA sponse. The SERTTC 
‘contract support thie NASA Geld center: Mandal Space 
Fight Centr, Stennis Space Comer, and Kennedy Space 
(Cente The SERTT seve the southern sate of Alabama, 
lids, Georgia, Kentucky, Loulana, Misisipp, North 
‘Carolina, South Carolina, and Tennesse, and is one of ix 
regional technology transer centers (RITCS) around the 
‘unt. In addition tothe Licensing of technologie, the 
‘SERTTC assis applicants for NASA Small Baines 
Insotation Research (SBIR) and Small Business Technology 
“anf (STT) iniitives. Specs atthe SERTTC alo 
telp connec bsinenes that Rave specialized research needs 
wth available research and development (RACD) fais 
‘within NASA. 

Kennedy benefits om a highly successful and long- 
standing relationship wih Research Tangle Isat (RTD, 
RTT hat worked with NASA for over 30 yar on te tchnal- 
‘py aes, providing 3 range of service inclding technology 








ssscament, luton, and marketing: market analy: 
‘comerlization panning: and the development of pares 
*hipe Daring the pas five yeas, dhe group evaluated more 
han 1,000 NASA techsologis, hep develo 55 licensing 
aeement, and brought 27 product o market 

Kenney Space Center has entered iat a two-yeat 
aeement with the Technological Reach and Development 
[Authoty (TRDA) eo hlp the Cener promote a newly 
rextcuted, duals echaclogy pegs. The parvnrhip i 
Aligned to suppor the identifeation of promising new 
technology within NASA dat kar commercial applications 
"This will le in more viable dual-ase echnaogy pojecs 
and the accommplshenen of tulip technology tats and 
‘comercalization ona continuing bd. Under the new 
tpeement the TRDA wil be responaibe for providing 
‘rarenet to Florida companies. The progr will be 
‘marketed ta univers, tegional economic development 
‘eganizations all busines development cones and bets 
who ca help the TRDA seach for commercial companies, 
‘Specially small business, focused in the high-tech, defense, 
ted aerospace indi 

‘Another source that Kennedy use to uansfer technology 
to the commercial mathe i the Forda/NASA Busines 
Tcubation Center (FNBIC). NBIC was created to ast 
enueprentt and sal technology-based businenea by 
cing hat office esoutes a reduced com, eanced 
ccs tate and local business asiseanee programs, ad 
‘enhanced aces to NASA technologies. To date, three royalty 
beating iene greets have hee signed between NASA 
and NBIC clients vo commercialize Kennedy developed 
technologie 

In addition to partnerships sponsored direc by the 
“Techaology Programs and Commeralztion Office, 
Kennedy Space Center sponsos other business-related 

(Continued) 
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partners In parmersip withthe Sete of Frid, the 
Centers developing the Space Experiment Reseach and 
Procesing Laboratory (SERDPL). It wl bea world-daxe 
Laboratory wid al the capably and pte neceaary © 
boat International Space Station experiment procang, a+ 
well 2 sociated biclogial and lie sciences rasarch, 
inching biotechnology micrograviy: space pcre 
medicine, conservation biology and microbial ecology 
‘This unique aboratcy wil be the maghet flyin the 
inl phate ofa propsed400-acre Space Commerce atk at 
Kennel Space Cente. The pak wll provide an ideal 
location fr business and reatch groups with a ned fot 
clone prosiniy tothe Space Cente launch and landing 
Gates, and technical copabildes, This peoject eprint a 
_sSgufcane opportunity to enhance comercial and acaderic 
scat to the paceport andthe International Space Son, 
Research wil be only conducted by NASA anda universiy- 
led conserium open o public and private intnuions. Each 
potters acest research and inellecnal esoures wil 
‘mhanes the total knowledgebase and expertise and prvi 2 
Soli foundation for anew since research, and technology 
development commmuniey inde area. 

“The Cayopenicr Teed Facil, anew vennre in echnal- 
ogy and reach collaboration is jst one more example of 
the partnerships being forged with Kennedy Spece Cente 
(Cryogenic and high vacuum techtiques and technology ate 
being ue al around the world. Kenney crested this faclity 
to beter apply cryogenic vo out lie inthe Rede of red- 
Sine, bilo, fod, campuses industry, eke propulsion, 
nd the apaepores ofthe Gaur. The special fly 
operated under soil funded agreement berwzen Dynacs 
Enioeeing Co, nc, the Flrida Deparment of Crna 
‘ty Alf, he Technological Research and Development 
‘Authorey and NASA. The fact has ready pid dividends 
in applying echaology solutions to operational neds atthe 
Space Shute launch pad. Several commercial exyopenic 
projects have already been completed with the numberof 
Thinner secking services steadily sartng to dmb, The 
‘enbed demonstite the win-win philwophy and the 
innovative inate in technology ean for which 
Kennedy has become known. This teed wil be the path- 
Sides far making ther Kennedy texbeds commercially 
avaiable a wel 


SBIR/STTR Programe 
“The Technology Progeas and Consecalization OMe 
ita major contbutor eo the Small Busines Innovation 
Research (SBIR) and Small Busines Technology Tense 
(STTH) programs at Kennedy Space Comer. Congress 
‘stable dhe SBIR Program in 1982 to provide crested 
‘ppotttite for nll business vo parcipate in esearch 
anu development (R&D), wo incre employment and to 











— Spotlight on Kennedy Space Center 


incre piate-seetorcommercilcatan of innovations 
esived from Federal RAD, Leidaton enacted in December 
2000 extended and strengthened the SBIR program and 
increned is emphasis on purning commer appiations 
for innovations developed wit SBIR funding, Kennedy has 
been very accel in granting ax Phe IM contrac 
voting over $3 milion on SBIR innovations, Kennedys 
SIR progr ha lo generated 18 NASA Succen toric, 
heres anal business concern has suceafly commereil- 
Tee an innovation developed through a SBIR contract. 

"The STTR prograt i very snl tothe SBIR program 
but requires har the sal busines concer enter ita 
‘cooperntiveapeement witha non-profit reach noun 
to jonly propose echoology developments. The STTR 
progam eq tha at least 30 percent of the contract woke 
Be perfor bythe research ination, The STTR program 
bat proven tobe extemelysucefl in increasing the 
umber of Florida compaties and teach intintons 
involved inthe program and vecrving award. 

"The SBIR/STTR prograis support technologie uch 
uid syste technologies, spaceport structures ad materia, 
poet enginerng, comand contol and moniting 
Technologies, ange technologies, and biological science. The 
‘combined SBIR/STTR program at Kenney inthe past yet 
have funda clos o $5 milion for esearch and development 


Macketing 

“The mathetng program in the Technology Progen and 
(Conmmerialeaton Office at Kennedy Space Center 
‘pei technologie developed in appar: ofthe Space 
‘Shure, Space Season, and Payload Procesing missions. The 
marketing or suppors Agency-wide initiatives, such as 
sensors, medial devices, and materia. The sensors industry 
intiaive te parelaly relevant to Kennedy since many of 
‘ur technologies involve detection devices capable of pet- 
Forming under rigorous conditions af launch snd the harsh 
‘eonditions of pace. Throughout the unc proces, rom 
pre-launch sting though the final seconds of countdown, 
‘mote chan 300 senses ate crs inthe launch decision. 
“These entre with high-peformance criteria ate of reat 
interest wo indastey applications ranging frm medical and 
‘cvimomenal eo eanufcuring and intrumentstion, For 
inseance the UVEIR Hydeogen Fame Detox used to 
sezet hydrogen fies o the Shute pad, has applications in 
the petal chemistry industry. 

Since Kennedy technologie are developed for wie tthe 
Cente they are in a higher sae of readies for wane 
spplcable industries. The Transent Voltage Recorder that 
eps detec surges that could damage high-tech equipment 
‘on Shute systems also has applications insensitive environ 
ments such 3 computer rowms, communications systems, 








and contol operations. The Conversion of Nitogen Oxide 
‘Wate conversion technology developed o reduce hazardous 
socket fel wate, alo hs applications i the powerplant 
industry, The Wireless Univeral Interface Adapet provides 
psec signals wo a communications opti aif the er 
‘were diy wed vo the synetn Ud tin Kennedy ground 
‘ppart equipment opersion, chi technology i applicable 
focal centers emergency tesponse, and law enforcement. 
“These and ether techoologir ae realy aval for licens 
ing and tnnuferforeocumecal application chrough 
Kennedys Technology Programs and Commerialation 
Office 


Awards 


Several Kennedy technologie cared award this pst yar 
both inside and outside of NASA. Nitrogen Onide Waste 
Conversion won the NASA Camunercl Invention ofthe 
‘Year, Gas Liquid Supersonic Cleaning and Cleaning Verea- 
tion Spesy Sytem wat honoted by the Federal Laboratory, 
‘Contre Southeatt Region for Excellence in Technology 
“Trane, while Advanced Lubvcans, sauces story fom 3 
previous yar, was inducted inc the US. Space Foundation 
Space Technology Hall of Fame in Api 2000. Additionally, 
with concerted efforts through the Space Act Awards pro- 
(gam, Kennedy Space Center incensed eecogiton for 
ventory hrtgh technical ewands in the amount of 
175,000, Award recipients attend an annual lncheon, 


hich server not only to bring eecognition to inventors, but 
the peomotsavarenent of the requirement and bene of 
‘reporting new technalogiet to the Center. 


Tneeach 


Kennedys ineach foe include an annual Technology 
“Taner Weck, ding which oie represents sll an 
calbic in che several sliies a the Cente, answeing 
‘questions and dispensing peogram ltratur. Center decor, 
Roy Brides, sponsced a Cnter-wide inate to increie 
the number of new technology reports. Toward this effort the 
‘Techoology Programa and Commeraliation Office 
partnered with contractor epresenatives to promote an 
{indeeeanding of technology transfer abjectier and cootact 
reirements wo report echnologes developed at che Center 
in wuppot ofthe Soule program. The eal owed a 
smared increat in the nutes of new technology report 
fled by contacts 

‘Many challenges i ahead and the ole of the Technology 
Progr and Commmercialiation Office wil continue w be 
refined. The office ean integral pat ofthe NASA commer 
cil technology mission and» mainstream function of 
Kennedy Space Center As we enter the 21° century Kenney 
Space Center wil ontine to review and improve the process 
of enabling commercial developrent, upporing devlop- 
tment of dialue technology, and trandering technology. © 
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Aerospace Research 


‘An essential aspect of NASA’ Strategic Plan incorporates research and 
development efforts that will further the ongoing success and leadership of 
[NASA in the area of scientific and technical advances. Benefits resulting 
from these advances are seen not only by the scientific and engineering 
community, but also by all citizens of the United Seates. 

A necwork of ten NASA field centers is armed with the necessary 
resources for creating innovative technologies and scientific advances — 
advances that allow NASA to further expand our understanding of our 
planct and the universe. Ongoing efforts to create new technologies such 
as next-generation aircraft, robotics, new remote sensing technologies, 
performance coatings, propulsion technologies, and many others will help 
tus to achieve maximum benefits from space and expand our existence 
Depo Be 

[NASA is developing the technology of tomorrow, today. These forward 
thinking technological advances provide private industry with commercial 
products and services that offer benefits to all. NASA’ enthusiastic effort: 
and activities serve to maintain aur economy's global leadership and better 
the lives of people across the United States and the globe. 
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NASA HEADOUARIERS 


fides tha restric the lunch ate and slowed the 
development of new vehicles, A number of entepeeneun 
have announced plans for commercial launch veces ia 
hopes of epturing soe of the strong marker For launch 
service of commercial exes 

"As the 21 century begins, NASA sels vo forge a “High: 
ery wo Space” cat wl enable tans to eave, ork, and 
lve in apace aa mater of routine, Beatie of NASA 
research, ew be pontble forthe private sector to make 
‘space wansporation economical This, in turn, will ete 
‘norma apparenitis for commercial endeavor new 
‘eevee, scene and medical reach, and other wee not 
yerimagined. 

“The space industry is changing dramatically 2 i rans 
tions from goremmentdriven nets matkerdriven 
‘rowh. However this indusry sess mature chan the 
‘vation industy andthe technologie are moe complet. 

“Technology haa significa role in meeting thee chal- 
lenge. Advanced physic axed modeling simulation, new 
smatrals and serra concept, and other technalogiex will 
rable quieter, more ices erat and more robe and 
‘foeablepacera. As the pace wansporaton system 
rows, el ein dhe ae, inked increasingly with he 
‘ation stem 

"The atin challenges forthe space industry continue to be 
reliably and cou. New technologie that enable implied 
{gue transportation operations robust design and operating 
targns, and eat complete reuse of handwate have the 
potential to reduce oss dramatically. Safe, loweos space 
Transportation wil make space commerialy sce For 
both pouenger and cargo opetions. Equally important are 
new propulin technologie that wil enable new i-apace 
‘operations, ch at economia rave! beeween low Earth obit 
fd peosiionary orbit fae evel eo ocer planet, and 
matey, the sere will ao allow the coated expan- 
tina of bunan and robo exploration thoughout ou ol 
open. 

Biological and Physical Research 

Space Shure ight ha been synonymous with science 
research in blog, physey, cerns, and engceing ance 
the Shute program inception. Inthe year 2000, NASAS 
Biological and Physical Research Enerprise began focusing ie 
scientific reseatch on biological sciences in preparation for 
Fall aden uration of the International Space Station in 
the coming decade, This focus adds cutig-edge interdiaip 
ray scenes of che 21* century to the space program, such at 
suce genomics, biomolecular phi, macromolecule 
Hotechnology and canotechncogy 

‘Continual research on Each and in space provides 
facinating opportunities wo improve lif on Earth. For 
‘example, industry has planned to invest over $6 milion to 
deep a hone replacement ceramic meal composite that i 














ighly porous, allowing blood vse, nerves and even hone 
vo ow through and around ic By optimizing the pore ie, 
dlsebuton, and strength ofa compaite material industry 
hopes to prfacs mater fa mare durable bone space 
sent. Eventually eteatch could lead to product that could 
dave int the body a aatural bane cl grow into an 
implant, 

in addon, conducting scene ecarch in apace, where 
rave is one-mile ha of Earth, allows tescarchers to 
thserve properties of solid, guid, and pac that could 
pote change indus practices and produc in wat 
that ae unimaginable oday. 

‘While perfecting reearch that wil enable hursans to exist 
ofthe plant, ground research and flight opporcunitis on the 
Space Shute and International Space Staton will se the 
thique characertic of space fr research vo improve att 
facets oflile on Each in the coming decade—your heath, 
home, environment, anspor, an commerce. 

Earth Science 

[NASA Earth Science Emerptse (ESE is dedicate 10 
understanding the otal Earth satern and the lfc of 
‘tal and humatvinduced changes on the gba envi 
‘ment. NASA commitment ta share the benefit of Earth 
Scencedacoverca withthe broad pubic i evidenced inthe 
Enterprises commitment to tandate NASA funded Earth 
Science and technology escach eeu to the development of 
remote sensing aplication for paca. everyday we. 

NASA speateaded ello to share Earth Science discover. 
ies and applicstione through a ederstion of anh Science 
Information aries (ESIP). The federation is comprised of 
ertnes fiom goverment agence, 

‘atonal lborstore, universities, 
nonprofit organizations, and 
commercial providers of data and 
infection services, The panes 
work together eo ensure that quay 
‘Sent data and information ae 
‘made salable to a wide oma 
nity af scene and aorscenties 
tke 

‘Under ESI, NASA Earth 
Science Enerptise partnered with 
the National Breadesting Com 
pany (NBC) and General Elecnie 
(Conporte Resatch & Devlop- 
‘ment co ule ESE daa in 
operational weather frecning, By 
integrating NASA remorely seed 
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dana into daily weathercats, NBC became the fis. 
‘nerwerk oof high-escltion imagery othe public on a 
foutine bas The public benefited by receiving beet 
Information and an icrened awarenen ofthe pracy of 
NASA emote sensing applications 

Dave Jones, a meteorologist and Praident CEO of 
SwemCentercoe, LLC, fst plowed the television 
‘weathercasts on NBC4 in Wathington, D.C. a January 1, 
2001. Through StormCentercam, the partnership with NBC 
‘continues and allows each af the 13 NBC-owned and 
‘persed tlvision atone vo we advanced remote sensing 
imager in thei oa newacats 

“Ths capably randates nua a much beer produc for 
viewen of lol NBC neweea in major maket ation 
wide," says Jones. “Ualising more advanced visual and 
‘rapier developed fom high-ech sale wll engage the 
public to Ian more abou ther environment and how helt 
behavior feces our weather and dlimate People realy do, 
‘want wo understand wit is happening wit our planet and 
‘what dhey an do wo make sure the Earth eminshelhy for 
Tusute generations. Providing this ype of information on 
‘nerwek news willow for greater local avatenet for 
‘omnis and individual to paca inthis igh- 

‘StormCenteccom willbe expanding i each nto other 
ype of mela by atractng media partners acos the nation. 
“These pares wil se SeormsCentercom content for 
newspapers cao and television web ses, and wireless 


applications, a 




















-— NASA Headquarters 


(Consinaed) 


“This parterhipseryes a nuconil model or tranlat- 
ing NASA Earth iene int new and innovate informs 
tion product that extend the socal and economic benef of 
NASA: Ean cence research a bread we communi 
Human Exploration and Development of Space 

[NASAé Human Exploration and Development of Space 
(HEDS) Enterprise includes she International Space Staion 
(08S), Space Shute, Space Communications, and Space 
‘Accs offices. The ition of HEDS isto open the space 
frontier by exploring, wing, and enabling pace development 
ad o expand the bucan experience int theft reaches of 
the univer 

“ThelS, a ey HEDS program, is capable of peeorming 
unique long duration, space based research ina Vasey of 
<dcpline, while providing a unique pao fr abner: 
Sion ofthe Earth, Sun, and ether astronomical objec, The 
15S is erucal to lilling NASA mission to explore, we, and 
‘enable the developenen of space for uta enterprise, 

“The pat year assem a temendow supe of program, 
scsveyas the ISS grew from the Unity and Zarya modules to 
become a permanently inhabited and premier eeatch 
Laboratory in space. Since May 2000, NASA and is partnes 
the Rusian Aviation and Space Agency executed 1 
‘tceeufllainchea and dockngs vo the space ation. Asong 
the elements now on onic ate the Zveua Service Module, 
Russias keystone contusion, and the US. aboraory, 
Dexny 

Permanent human habitation began aboard the pace 
station in November 2000, The ISS commercsination ffs 
incl opparnuities fr investors 0 develop new pails 
far the station through 
saben of Entepe 
neural Offers, These are 
Private inverment propot- 
tse NASA. 
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In addition, HEDS Technology and Commeciaization 
Inidatve advances serra nati goal and objective chat 
stable the commercial developrnent of space. Activites, 
include 1) stems analysis, concep and modeling, 2) 
bling research and technology. and 3) technology Hight 
‘demonstrations, Ta Bsal year 2001, x competitive cooperative 
agjeement noice wat leet sic prepoml, and ee 
ttiipted chat inal wads wilbe announced a eal ex 
May 2001 

“The HEDS Enterprise ako provides support or Space 
‘Shute payload buildup est and checkout, integration, 
servicing, transportation and isallaion, 3: well support 
far NASA mitons latched on Expendable Launch Vehicle, 
FEDS alo provides command, tacking, and telemetry data 
services between ground fcc and fight enssion vehi 
‘Space Scence 

“The Space Science Enterprise ie pited wo ete the new 
rillennium with sold foundation upon which to bul, 3s 
well a expand new capabilites vo explore the fathen raches 
(ofthe unter andthe slr system 

‘The Office of Space Sciences looking for anewers vo 
‘quetions sich ac Hlow dd the univene, aanen, ary, ae 
planer form and crave? How ean exploration of the universe 
2nd out solar stem revolutionize our undeneanding of 
physic, chemistry and biology? Are thre Earth-like planes 
Teyond our solar system? Doe life in any frm, however 
simple or complet, casbon-base or other, elt daewhere 
than on plane Eat 

Langtetm gal ofthe Space Sdence Enerpsse are ta 
‘cri a viral presence doughour the sla per and 
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probe deeper int the myteric of the universe and life on 
ah and beyonds to putsue space scence programs that 
able faurehurean exploration beyond low Earth xb to 
develop ad uve evolutionary technologies for missions 
impo in price decades and to continue meaniably o 
schieving the scence, mathematic, and technology eduction 
prs of our nation 

"To beter study sola ataility and understand its ffs 
‘om humaniy, NASA i stating progam ele "Living With 
‘Asa aset of minions and enhancements to current 
progam which wll eventally encompass uber of 


paccrf and sens, “Living With A Sea" wil abo purse 
fParerhips with oer Feral agencies that ar concerned 
‘withthe effects ofthe Sun onthe Earth. The goal iso 
provide an ecing new capably fr undeseanding and 
‘imately predicting “bola weathee" which alles Earth 
“The "Living wih A Str” iniaive wil 1) observe the 
‘ote Su simultaneously wing few well-positioned 
‘pcecrf,induding Solar Sentinel ypcerat, which wll 
‘observe the side ofthe Sun away fom the Earth, she se 
‘pacecralt capable of doing wo; 2) tack solar storm epione 
both above and below the solr surface forthe is ime, 
ing an advanced spacecraft called the Sear Dynanie 
‘Observatory (SDO), which wil ao probe the iterie of the 
‘Sun wa help us understand the sours of sole vatiabily, 3) 
tse the Sentinels the SD, and dozens flow east 
ticroestellier in eteal regions around Earth o ack Earth 
ieee solar mass jetions and their impact onthe Ears, 
sue envionment 4) use one of the mos itzguing and ft 
teaching echnologis curently underdevelopment, the Lge 
‘Solar eal which wl we the energy in unig each hee 
‘tionary postions above dhe poles of ue Earth and in polar 
‘orbit about she Su: 5) miniature spaceeraft and iste 
tent in onde to orbit nurnrous “pace buoy” slr co 
‘ocean buoys, which will probe the Eats upper atmosphere 
tnd space environment, and cei sponse to solar toms 
'NASAS Space Science Enterprise has exptinced a 
suinber of temendaws access, Some of the tp highlight 
inde Hubble cient? measurements of how bt the 
tunvene is expanding, and sonore’ sextches f the pany 
thle the discovery af sx new plants, binging the vote 
1028 of known planets outside the solar sytem. The Mats 
‘Global Surveyor provided the fs global -D map of Mas, 
‘which includes a impac bn dep enough oevallow 
‘Moun Event, NASAé Compton Gamma Ray Oburvatory 
alerted atronomes of one of the oat powetfl explosions in 
the universe enabling them to ake she Bs optical images of 
the gamma ay bust explasion tha occured on January 23 
1999. The deployment ofthe Chandra Xray Obseratry 
into oobic provided a aunning image ofthe Crab Nebula 
‘Several NASA spacecraft oberyed that the solar wind and 
roa dala ac the North Pole visually disappeared frm 
‘May 10-12, 1999, she most drastic and longes-lsting, 
decteat ever sce. The crew of the Space Shuttle Discovery 
replaced Hubble: gyros, made numerous improvements to 
Ibacry power and guidance estes, and replace the outer 
lagers of thermal prteetion, making cheer than new. © 
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standing for broad spplication wo NASA mition requie 
tents, Ares is NASAS pathfinder in single-stage 
parallel compares, quantum computing, distbuted hetero 
‘eteous computing revolutionary comping and high 
pesformance nero 

'Avthe NASA lend fr antzbiology the Center suis the 
origi, evlution, disibution, and destin of fein the 
tnivere,Anobiclgy epeints the syhesi of disciplines 
from astronomy 1 200ogy rom ecology to molec 
biology and from geology to genomics: Ames hows he 
NASA Avtobiology Institute, which conduct and integrates 
‘roundbrsking stobiology science withthe atance ofits 
11 founding member institutions and numerous affine 

Tifein the unique envtonments of space, including 
ssirogravity, high adinion and tempera enter, and 
planesy protection, ate key themes of Ames space biology 
{tiene bate The convergence of pace biology with the 
technology tad provides fundumental enabling knowledge 
or human exploeaton, Ares exploit the poten know 
edge rane to Ear based health ses though the 
‘cblhment of parmersipe wich che medical comm. 
including the National Cancer Insite 

"The cmmplexty of and peformance demands on arospace 
‘operational environment re increasing significantly The 
tational respon to ths ise in equtemets the tncteated 
‘pplication f sutonation and autonomous reson, 
tmethodologien, Ames ie atthe freon of the development of 








aunomated seropoce opeation for applications froma decision 
tool fo ar tlic management deployed bythe Federal 
‘Aviation Adminsasion (FAA), to autonomous rewoning 
‘contol of pacer in unprediaable environments 

"Ares works with che FAA and the sireraft operations 
indaty to meet he eatons expanding ar transportation 
demands by developing and demonstrating plonestng 
‘oneept and technologies impeove safer. increase ei- 
‘ene an enhance environmental protection. In paticua, 
‘Ames is arvig o provide the research and vechnalogy 
product nde o achieve the Presiden challenge to 
Ieapeove svation sly. 

"The Ames bue program develope advanced research and 
technology vo enable revolutionary advances in undertanding 
‘oneept, toethods,and procedures of vation operation 
ys, 

‘Ame’ Future Hight Central (FEC) i the woes premier 
sechnial design audio for 2t century ssport operations 
dnd plnaing- The iyi able wo replicate a 360-deqree 
‘high dei visual simulation af any aispre in the wold. 
FEC ean provide finetinaly acute physical and 
sorte epiation of any sspotseuren fare tower ot 
‘pestions center Airport rearch and operons elf cn 
‘work with NASA experts ing the FEC to plan new runway 
‘configurations tet new gnd walfic and wower comms 
‘ation procedures, and validate ai trafic planning simul 
Sons bed on airport and atine planing toa 

“The Surface Movement Advisor (SMA) projec joint 
FAA and NASA undertaking to elp cures airport facie 
‘operate rte efficent The SMA sytem intgites aie 
schedules, gate information, High plans, ada feds, and 
runway configuration (departure spit and landing dieesion) 











“This inegeted information is then etanaite ove the 
network and sized heeween the key players at an arpa 

“The Centeraluo pays a major oe in elfre vo ensle 
imsjrineese inthe capacity and producti ofthe 
atonal srgpace eter through the development of reve 
‘onary operations ystems and vehidle conezpt. Terminal 
‘Area Productivity wll inreave the capi of exiting major 
US airports that experience delays in non-visal int 
sment meteorological conditions. Ths Ame projec will 
increase capacity and reduce delays by decreasing spacing 
‘einen between asraft approaching an aigpoe and by 
‘xpedting ground operations while meeting FAA ely 
iin, 

‘Amey sclentias conduct advanced research in a unique 
Aight simulation comple. Arte provides rearchers with 
xepeonal ool to explore, define, and ove ies in both 
tirrfc and spacecraft design, Ame eral motion simulator 
fers stand cos-efetiv solutions using tealime, plted 
Simulations, realist sensory cues, and the petest motion 
ange of ny flight malar in the word 

“Ames isthe lead center for Aviation Stems Technology 
‘Advanced Research (AVSTAR). AVSTAR wll ecelerate the 
development of selected NASA ai tfc management 
technologie that have been denied by industry and the 
FAA to improve the capacity and elbly of che cugrent 
system. Jew aloo provide the foundational each and 
ling term explratry investigations or these transportation 
system of the fate. 

‘Mixon ec art with softy, and Ame eading the 
[NASA Design for Safer (DFS) development elle with 
ison of achieving ulr-high levee of xy and sion 
tcc through the infision of advanced echnologi Ta 
that end, DFS wll develop advanced technology method for 
reatoning, model-based, sk-advised sytem engineeing to 
provide continuous, systemati, quantiied asesment of ke 
2d high-asrance systems eontinuous feeyle knowledge 
‘pure, evaluation, and ulation: and highly adapeive, 
reilentyntems to provide inelligent responses to bath 
Known aod unanicpaed haar 

"The DES project wll ensue thatthe techniques developed 
axe apple oughout the Lecce of NASA stems and 
programs. Further, i wilseck otal, maar, and infse 
the technologies developed int all NASA enterpie misions 

DES wil incorporate a number of elements and thrusts, 
including inteligent ester id management, model-bated 
atoning and architecture, knowledge engineering and 
development of exer, sl-monitoring ater based ot 
advanced sence veteatch, and ania neligence, © 
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— Dryden Flight Research Center 


As Dyn light Reach Cris aon 
IN Beers 
ey igh anh cod eyhig 

fem ii tt foe yg ae 
te upc a al ey 
See in ee 

Toc ui i Den, tl i Calerni 
aj Boel pce to ts pe 
tei m2 eon Ones ge 
EI conps nd sae pele ech 
‘tena ii ae ir a per 
‘ied beer cow pnd 
‘wig heed snd oa pe 
me 

Tor nmin bi we ile 
ponte att el ng ty cae 
Iga mgr ct pf ea fon 
spa ip nang One af rn any proce 
‘Sct of ona Fema Hip PP oe 
(Seay toot ed 

ha py gen open wh 
st eed Con ea Coun he 
Une etcloa (LA ae ea 
srl ed of bal psig em CS) 
‘neg dg gs prog 
‘mane lar para elon 
ica itn sca The Dred om 
Caterina cn fe uch suc ple 
‘ica uli in hate cee i 0 
‘ep ln fennel sh 

"aS AFF pes anges an Te 
sot APt pope metal en 
fev filer of ean ling ce 
Ti Ace omy ing wh 











DHYDEN LICHT RESEARCH CENTER 


interest tose if they might one dey achieve such economies 
by dipatching their ieaft in formations using fllow-o0 
evolutions ofthe AFF suite beng tested inthe sis over 
Dryden. Another benefit ofa mature AFF techooogy could 
be the bility o safely handle higher vlumes of italic by 
treating formations of aircraft at individual uni And in 
space AFF technology might enable a ewata of eal 
satlites eo congregate, cating a irtal large slit for 2 
specie mision. 

Tn cooperation withthe US, Ai Force Research Labors- 
tory abd Bocing Phastom Woks, Dryden ic esetching the 
ttc of lighereighe Neible wings fr tmpeoved maneiver- 
ability of high-performance lary ater inthe Active 
‘Acrostic Wing (AAW) project 

"The AAW projet gol ier demonstrate improved strat 
roll contol through aerodynamically induced wing ewist on 
faacale aircraft. The et sicrafi—an F/A-18A obtined 
fom the US. Nayy—bas been modified with additonal 
scsuators a pli leading edge Bap, and dinner wing skin 
that wil alow the outer wing paneer wit upto fve 
egies. The wadiinal wing contol surfcestaling edge 
tlerons ad che outhoard leading edge pear wed to 
provide the arodynamic force neded oti or “warp the 
Wing, Project englces hope o obtain equivalent ell 
Performance of the production FIA-IS a ansoai and 
supersonic speeds without using the stabiatrs and with 
taller contel sufce deflections. Removing the wtabiston? 
roll contol function will imsinate the colacrew” effect, 
common tothe F/A-18, which Kimi the numberof ls 
performed, 

"AAW rescarch could alo enable thinner, higher aspect 
ato wings om fur steal, This conldreaultin edced 
‘erodynanie dea allowing for gate ange or payload and 
improved fel efficieny. Dita cbained fom Might wat at 

‘Dryden wll provide benchiatk design 
cite x pudance for fisure srl design, 

"AAW technicians have completed intl 
tion ad checkout of mace isturmenta- 
tion and avionics wing on the modified 
IACI, along with fll-up system check 
‘ut of dhe flight cont software developed 
by Boeing Phantom Wosks in the AAW 
flight contel compute, 

‘Structural loads testing i Dryden's Flight 
Loads Laboratory began in id Mazeh 2001 
Wing ews tein occured in aly Apel, 
followed by more extensive lade ciation 
testing, The structural loads testing onthe 
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FIA-18' modified wings wil tke almost six months 
fellowed by psig of the arceaf,  taional 

tollout, and extensive oper tee and simulation 

before Bight begin. According to Dryden AAW project 
‘manages Denis Beets che lade applied tothe itera 

wl b up to 70 percent ofthe desig i load, wid 

load dinibtion ones the wings a paricusly crcl 

"The two-phase AAW fight tt wil begin wih 
parameter Mdenication fights in be 2001, Data 
‘brane from the ia phate Hight ates will be wed 10 
tefine the AAW fight coneol laws, and after fre 
software development, the second phase of reach 
‘igh should eae plac in 2003, 

"The solar-powered Helios Prototype was radi for 
a summertime 2001 atempe ata never before achieved 
triletne in the anna of fight —nusaining horizontal 
gh 100,000 fet abore the Earth. Technicians for 
‘AaroVieotnen, lc, the giant ying wing’ manulac- 
ture, completed installation of igh ficiency sl ell sea 
‘onal si ofthe Helis Provrype's wing setons ety this 
eat The alas competed upgrades tothe ground conta 
‘atin, the aching antenas, and updated operational 
procedures 

"The Helios Protorype was shipped to Hawai inthe spring 
of 2001, where AcroVioament engineers and technicians 
began tcasembly and checkout ofthe crf atthe Navy 
Pacific Mile Range Facliy. The ie ight under solar 
power, covering funcional checkout and fight envelope 
‘xpunson, was targeted for eay Agu, 

"The 247-foot span ultralight Bying wing, whore dvelop- 
ments being uted aod nanaged under NASKs Environ 
‘mental Reseach Aiterafe and Senso Technolgy (ERAST) 
projec ew si lo-aliadesieworthines aliation fights 
‘on batery power at Dryden inthe fll of 1999. 

“The 100,00-fotahieue Might sone of two major fi 
‘milestones st forthe cat by NASA, theater being a four 
day non-stop endurance demonsvation fight above 50,000 
{eet planned for 2003. Devdopment of egeneraive 
Inydogen-onygen energy storage tem which would make 
the mul-day continuous fight possible is progressing at 
‘AcoVirunment. The ptem usc excess power generated by 
the solr araye during the daytie vor an ecg chat 
separates water inno it component pa, hydrogen and 
‘aygen, which are then sored under presure in speilly- 
sigue tanks Ar night, he hydogen and oxygen ae 
‘recombined by the tel cll, with etsy produced a2 
by-product providing power vo Heli motor 

“Two subcontractors, Giner and Lynntech, have develope 
prototype “shorestack” fel ell an ctrl, whic have 
UUndergone gous vatng, Lynntech is bailing fllaine 
‘une that wll be inal a a prtorype energy rage 
‘ystems at AeoVitonient. The completed sytem wil then be 
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subject wo both a evel and hgh alinde testing in 
alte chamber, NASA Glenn Reteatch Cente will 
‘conduc further eating of Giners intermediate and fle 
Tiel ell and electelyr components, Addionaly, another 
subcontractor Kase Composite, is developing and vesting 
‘compo prestureeanks for storing the hydrogen and 
oxygen. 

"The X-38 ia posible proorpe “lleboat," designed 0 
cry up to seven passengers home from onic in an rac 
tion or medial emergency. The project combine proven 
technology —the lifting body eentialfor acodynanic ik, 
esgoe and vested in the 19605 and 1970s—to some ofthe 
‘mont eating ede aerapace technology avaible day sch 
‘tthe mon powefl eetsc motos ever wed wo dives 
‘pacers crodynamie control surfaces. The X38 has ested 
‘the lage paaf parachuce in hisory, with a span of 143 
Tet. Data fot the aerodynamic sues ofthe lng body 
‘anuibuted othe design and operainal pf ofthe Space 
‘Shure and is eemerging wo help develop a crew eeturn 
vehide 

‘a oan from dhe Ait Force, the X-40A is an 85 escent 
scale version of NASASX°37, a fgh echnology demonstra: 
tor testing fature launch technologies in orbit and eeentry, 
{roe the hats environment of space dough Earth atmo- 
sphere. The X-AOA is psforing ast of Bigs and 
sutonomous landings as part of the X37 program, intending 
fo reduce the Fi of Might testing the X37, nox for 15,000, 
{eet ke the X-40A, but fom low Ear obit. With such 2 
wide range ofsirraft and aerospace reveach advance- 
‘ments, Dryden Flight Research Cente will continue v0 be 
1 leading developer of innovative sechnclgies with 
aviation applications, @ 

















— Glenn Research Center 


enn Reserch Center, located on the ous of 
Cleveland, Ohio, i dedicated to ceting 
technologies that will propel us into the new 

rillenium.Pehaps is this, well as 3 dedication vo 

eration and excellence, that hes psitoned Glenn a 
[NASA Centr of Excellence in tusbomachinety. This atitude 
and ene of pride exemplified in the ongoing, cutting edge 
‘etivtes being conducted a the Cestes, 

"The Glenn-managed Ulta-Eficent Engine Technology 
(UEET) Program includes parcipation om Ames Reseach 
(Centr Langley Research Cente, and Goddard Space Flight 
(Ceotr 2 wells ive engine and ewo airplane manufacruers 
‘Thesix year neatly $300 milion program’ pol ito 
demonntzate new cope technologie hat eucesrcraft 
mistons,rluce nol, and increase performance. Much af 
the acne wl come ors improved teil new popu 
sion control, advanced combustor, and turbomachinry 
concept. This technology isin the works, with the inter 
‘on of technologie ina working engine, while iterating 
the engine ino an aerate ttl to come. The 
[UEET Program wil enable future generation strato travel 
wide range of ight speeds, Father, cleaner, and safer than 
cer before 

In 2000, Glena completed the hantwaredeyelopment of 
fis Physis of Collis in Space experiment. The experiment is 
‘ne ofa sete of Glentrmanaged nkrogravity aclence 














experiments scheduled to be conducted onthe Lnternational 
Space Satin (155). A colloid conists of ine involuble 
patel auspended ina Bud Beryday example of elloide 
dre pnt, il salad dressings, and aerosol. The Physi of 
Colloids in Space experiment willl scientns to sy the 
Iasi physical proper of ellide without the inflence of 
ipavi. The longterm gal of this investigation iso lear 
how to ster the gown of collide to create new materials 
and nructutes 

‘Glenn the co-lead for IS lotic power sytem with, 
Johnson Space Center. Glenn is responsible forthe ech 
design and developmnent of all the individual pieces of the 
tletil power pstem on 1, and isthe proud moe 
Poride ofthe clecrcl powes equipment for the 1S, Glenn 
Technologies were cased vo the 15S aboard two Shute 
tissons in 2000. STS-92, launched in October 2000, cari 
the Integrated Thus Structure Z1, which includes fou pees 
fof he 1888 dececal power equipment al of which Glenn 
‘developed: she plasma cntacoe, 2 high-ech grounding tod 
for IS; converter nie, which provide grounding and voltage 
regulation: the remote power contol modules, which ate 
‘multichannel high-power Get breakers for both switching 
and protection in exe ofa shor citeit ding ISS conaruc 
tion sctviteg and cet nlation devices, which ae 
‘manually-acivated switches that provide manual shut-off of 


igh pow. 
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(On ST5.97 station assembly light 4A in Notember 2000, 
the fit US. photovolac (PV) module was cil othe ISS 
and inaalled. The module supplies che ISS wid solar power 
‘ia solar arays teri, and ther power syst econo, 
(Glenn had significant ele in the dexign and development of 
the PV module and managed the handwace development of 
the fight hardvat. Also inte on that on were Cw 
radiators, which remove wate heat fiom IS One of these 
radiate pals was ested in the Space Power Facey. 
‘wold larger space envionment dimulation chamber at 
‘Gln Plum Book Staion in Sandusky, Oe 

‘Common to many ofthe pec application ha ie slat 
thermal eneyy-—ich a ecrc power conversion, thermal 
propulion, aed firnacer—ie a need for highly effin, slat 
Eoncentation systems. An eflot is underway at Gena to 
develop efractive secondary concentrator which uss 
‘efation and total internal reflection to efcenly concen- 
trate and direc sla energy. When tse in combination with 
sdranced lightweight peimary concentrate, the eliacive 
tecondary concentrator wil prodace very high stem, 
concentration etios (10,0000 1) and, of more practical 
interest, very hightemperature (62000 °K), 

“The innovative refactive secondary concentrator has 
sigificane advantages oer all eter types of ecnndaty 
concentrators Ir i very ecient, quis no active cooling, 
‘elnesthe pong aed tacking requtemens ofthe primary 
concentra and enables very high system concentration 
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ratos. Thi technology ca be wed in any ayer that 
Tequie the converdon of solar enetgy wo eat, for example, 
tater seach rnaes on ISS and thermal propulsion 
systems 

Cntnuing ints heritage of innovation, Glenn researches 
tae develope a new alloy for we in regenerative cooled 
rocker engines The GRCop-#4 ally haan excellent 
combination of conductivity thermal expansion, sagt 
creep ressanc, duct, and lw<yelefigu fe Is weit 
‘apace to enable sigificant guns in engine peformance 
nd eliby. The uma est wat to actualy use the new 
alloy ta liner and ts iin a rocket engine Two Ginch-long, 
Tinete with inner diameter of opproticnatly 2 inches were 
Esbicted at Masha using a vaca paca spraying 
veehnigue and then tested at Glenn. Twenty-seven hot fie 
teas wete conducted, after which the ier showed to signs 
of degradation. 

[As part of NASAS Aviation Safety rogram gol o reduce 
vation scidess due to icing, Glen i leading» Hight 
‘mulatordeveloprent activity o improve pilot erating for 
severe ying characteris du to eng. Flight simulates 
that inde the aerodynamic eles of cing will give pilots 
rele exponre tothe effect ofcing-induced hazard, ch 
‘st ice-contminated ral up, ilplane al or aber loer-of- 
‘oneal event that ay rel rm ceo the sisfame, 

Ta onder eo achieve high fidelity igh mulation, wind 
tunnel tests were conducted on a5-prcentscale model af 

“Twin Otter aera. These tests 
resulted in databases canting 
aerodynanse forces and oenents at 
Funcions of angle of stack: sideip: 
comuoletlce deflection: forced 
vcllaions in the pte, ll and yaw 
aes and vatous retinal spend 
Some wing and il sufie presnure 
data were alo reconded. The data 
bee are the foundation fora PC- 
be Teng light Simulator delivered 
1 Glenn in fiscal year 2001 

“The continued stvies at Glenn 
snake the Center a shining example of 
the yas ara of NASA benef 
‘Work conducted at Glens Reach 
Center helps wo open windows o new 
watld of oppotinity both in space 
nd on Earth 











— Goddard Space Flight Center 


ddd Space Hight Cente, cated in 
(Geenbel, Maryland, defied wo Furberg 
our koowdedge of the Earth nd is environment, he 

sole gotem, andthe universe. dough sac obsertions By 
‘evloping now tecnologia to advance this mio, the Center 
tte to expand ou undentanding of our plane and beyond. 

"To mupport NASAS Space Scence Ener, Goddard leads 
‘sion in pace-bated phy and atrononny ta oer 
trcatch progam though a broad vary fight oppor 
tea, The Center sho promote the devlopenent of vanced 
techy deigoed ke enhance scenic capable aan 
Afb cont. Godan pace scents eck ae about the 
‘ompostion and vaiabliy of llr object ike lad hole and 
‘aploding sta, and how the univ formed and ele. The 
(Cleo contribute to the quest to earn how planetary 
‘yer ate born and evolve. Godda inion bei researchers 
‘rudy the nate ofthe Suns interston with ts suroundingy 
‘ed Each, and determin the physical proper ofthe plants 
ded intepaneary pce 

NASA Hubble Space Tseope is manage by and operated 
‘oes Godda Space Fight Center Ins Bs 10 years the 125 
ton Each-biing observatory has sted 13,670 clei 
bjs made 77,000 individual cbservasons, and turned 3.5, 
tee of iene data, Hubble scientific half tame 
includes the eumene deepest view af the universe in vsbl ight: 
Image ef the ajc bir of asin spear sel loads 
servations of xrsodinaty ate shel, and ibboas of owing, 
esate by dhe death of stats mach Hk our Sun unique 
‘ond of rege megan Blas produced by comer agents 
falling inode oad tops of Jupiter a map of the sure of 
sane Pao and evidence har ei nay ave been il up 
liom alle cbt eatly in the hiory of the unineme. 

(Godan operaed pce cbsratrica contin wo make 
dscyerie aout the Sin ad advance ot aly opi he 
‘fc of wa sora on the Earth, Among the fnpetant 
‘bseatorycontbuto atthe Slr and Heipherc Ober 
tary (SOHO), copertive project being cased ou by the 
European Space Agency and NASA: and Goddaes WIND and 
“Tanstion Ragin abd Coronal Explorer (TRACE) sells 

Fr the local weather othe lage environment, rome 
planer change very dy. Those changes alle ou uaity of ie, 
‘ur health stl our econo. Since the fst day of abserving 
ath om space inthe ely 1960s, NASA and Godda Space 
Fight Cntr have een pecs in helping ecient, 
pelleyman and he general public gain beer undentanding 
of how and why thee changes occ Thi research, andthe new 
technology that pes fora, bas matured opt where 
‘we can begin to understand the das of how Ea nd, 
szmosghare ccans cand le inverac with each oer, both in 
doe connunitie andl con va egions of the lobe. 

‘Goal cen and engineers conte diy to NASA 
Earth Scene Enteprie, which coms of reach stu, 
stele and siete, and advanced computer neowodks 
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"Aoew geerton of Eat cence—one thats the 
Ean and oceans age, and as algal tem 
began wih picture pero auch ofthe Tea paca roma 
‘Vandaberg Ai Fore Bas, California Ter isthe api oe 
{he Exh Observing Stem (EOS) seis of sli, a pre 
eacactng program nthe emerging eld of Eat Sten 
Sees 

‘Godda fies, specially Wallops Fight Fc, Vigna, 
lay ag ole in rary upcoming NASA projec, The High 
Encry Solar Spectescopi Images (HESSD wl exploe the 
tr lysis of aril coder and energy eee soar 
ures The Themosphee,lonephere, Mecipher:, Energi, 
sul Dynamic (TIMED) spacer wll eondac palsy 
‘of casein in Earths amenphere. The ion wl sdy 
the iflencs ofthe Sun and humans onthe est explored and 
‘unde regon of Ext atmosphere, The QuikTOMS 
(ral une Mapping Spectrometer) mission designed 
tinue dally saping of the lobaldsrturon of ocd 
‘umn ameuphere exon, Cannas eration of bal 
‘tone etal inode to monitor the expected ecwey of 
‘tone meet of clorfliorcatbonsdectene foe thei erent 
‘maximum seal of the Monreal Protocol ini 

"The Big Bang theory ibe on Albert Einsteins goer 
theory fev an the 1929 dicey thatthe univer i 
‘panding, This expunion impli de universe was denser and 
erin the dane pst, td wa able vo produce dhe gest 
chemical cement sich as hyogen and ium, The Bg Bang 








‘eory correaly pris the relate amounts of ths ight 
‘dements rako prec that the universe shoul be bated ina 
fine aero of radintion. The Counc Background Radiation 
apes ara gh thats remaably nif in all icin in 
they (isoeopic) dhough the Cosmic Background Explore 
(CORE) discovered very fine non-unifrmitis (anisotropy) a 
{his glow in 1992 The MizowaveAnisotopy Probe (MAP) 
‘stlte il podce a mich more died pce ofthe exty 
univ than COBE di, This information, which seca in 
the Cosmie Background Radiation, il allow asronomers 
lines the ey cosmolgil quo 

Forme cal Earth Observing Spczerafe PM, Agua will 
bry ange inthe Erk adation enesy bidet, egether 
‘ih memements of change in nd/ocean ace and, 
inercions with the amesphere through the exchange of 
nen chon, aod ware, 

[NASA Ticking and Data Rey Sate (TDRS) i neta 
seta of communicrone elie that wl eve at these 
Ine of continuous high-dars-rate communications withthe 
‘Space Shue, the laterationl Space Stain, and with dozens 
‘fc sets in low-Earth ont. TDR the ond of 
thee slits that wl hp replenish NASA aging TDRS fst. 

"The ez Clo and land Elevation Sali ot ESAT, wl 
sxcurtely meaure she eleations ofthe Earth ie sects loud, 
‘dL a wel ar anewer fundamental quenions about the 
{gov or dings ofthe Eas polar ie sees and the fre 
fhe or ill ef lob wale 

Gland wall continue to provide ws with innovative rach 
dh ome of thei ature iniatves, NASA Urs Long 
Duration Balloon (ULDB) program is developing a revelaon- 
sy teach ballon that cot open a new esi scene 
‘esearch. Thefillacle ULDB i the lrg single-cell super: 
restr (lly sealed), lllon yer Bown The Saar Radon 
au Clinate Expesiment (SORCE) wil eontinue the precise 
‘meseurement of wed slat iediance, 








“The EOS Au mission wil help anor vel scence 
questions. Is the Ears none ayer eeoveing? sat quai 
‘eting wore? How i Ears cliate changing? The EOS Aura 
FBstrumens have th unique and complementary bli to 
roid data shout the Erk srosphere ona plat wale, EOS 
‘Rat the hid in ei of Earth Observing Satelite no dy 
sumospheie chemistry. Though ts Ea Observing Sate 
‘Hl, Goddard's yeerting new remote sensing an space 
tecnaogies to be wel for jin fr invaving NASA, the 
‘National Ocani and Atmospheric Admiisraton (NOAA), 
andthe Department of Defer, The National Placing 
(peztonal Envonmental Satie System Preparatory Project 
(NPP) could potently improve dhe apabiiie of arr pol 
biting weather sts oa bah cl and atonal. 
security require fr mccorloi cccangraphs. 
lima and space eniznmentl dats Th Glbal Preiptation 
‘Mision (GPM) ia fllow-p wo dhe Topical Rainfall Mean 
“Mision (TRMM). GPM is expected wo lead wo sigicant, 
innpeonerenis inthe frecating of erratic and opi 


Godda ie eading the development of the Net Generation 
Space Teesope (NGST): new typeof observatory with 
‘spabie chat wl pas thove cen veal ine 
ipound-ba or apceelecopes NGST wil employ some of 
the mont advanced opal tea ever placed into space 
herve the ear and gai inthe univer. 

"The Sola Tretia Pe Program enc jeer are 
lsc tie othe ques the San Ean Cannertion theme. 
“They dace the tm behavior ofthe magpie ae ee, 
ur Sun and ts icescton with the ete slr ser. Living 
With Star (LWS) ca NASA initiative shar dross the es 
fla vali oe ie and soci nding human techn 
og bumansinspace, and eres climate 

"The Gamma-ray Large Are Space Telcope, of GLAST, is 
fae high-encry gamma-ray isin, which promicsto bea 
spificaly advanced tol oranowering thee quation nd 

tie. Conan Xi ear of poe aay 
telescope that wl odie los to ech tes, ke a 
contain of tn tr and wok in union to 
Simultancaly olserve the same dant jes The 
Later Itrermcter Space Antenna (LISA) consis of 
three prea ying 5 lon Kloet apart in the 
shape fan equilateral wang wo observe gvitacel 
‘waves fom pti and ext plat binary stems, 
Seifiea de tscope apace cberatry er ying, 
ern ay bus. Swi wl hae de unique aby to 
toc in ebic and poi granary weep, ay 
telacope, and ultavileopia elecope at grins ap 
thats within ites ofthe buns Gat penance. 
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— Jet Propulsion Laboratory 


iil lo providing breakthrough vances in communica: 
Sons, dhe envionment, and even in saving lives 

‘On the local ont, 3 cy jase 10 minutes Fn JPL is ioe 
tenn a echnology developed at JPL that wil lee motorists 
‘of rapidly approaching emergency vehicles. The Emergency 
‘Vehicle Esly Warning Saley System, developed withthe 
asta of the Technology Aflits Progam, equips 
erergeny vehicles with transponders that commnniete via 
‘micrwave with esiver on age vital daplay deployed on 
the mutate above intersections, Avan emergency vehie 
appreache an intereton, a police officer or Breighter 
tives the trataponder by pretng a evitch on the dath- 
oat, which aucomaticlly ears the fic ight co yellow, 
then red, for cos taf. The visa play boar wer cane 
te show the emergeny vehicle approaching o leaving the 
intenction and the diction ts taveling. 

‘Some ofthe people let othe land, ier, wl the 
fits beef fom a new global pouiioning technology 
developed to tiake NASA stelle more eflcient and cow 
ffecive. Famers worldwide are pting the new eye vo 
‘he est rough a partnership between JPL and NevCam, 2 
Aivsion of the John Deere Company. NevCom licensed the 
technology Got JPL and wl be equipping tractors with 
teceves that wl proyde location iforeation iatan)y— 
2 vital oo for precision Garang The technology wil law 
Gates vo navigate Blea ight and when vi oot. 
‘Moe important, wid sol season and ocher monitors, ie 

‘let cher ealelate and map cut precisely 
where the fed may need more water 
eric, or weed contol. saving bod ime 
and money. 

Ta Als, tay senor pods tha semble 
acl’ toy form asenaot web dat will help 
‘monitor dhe environment lng dhe Allan 
pipeline. Aleka, Ine, iscurendy woking 
‘vith JPL engnees wo ape cir sence webs 
{echsology to monitor fr cil leaks and 
preserve the natural habia slong the #0- 
tile (1288 ilometer) stetch of pipe. The 
pods communicate with each oer, eating 
vm petence allowing age aes vo be 
‘monitoral coninuounly. Unlike remote 
‘operations, sensor webs ate placed inside the 
cvionment, thus making them expable of 
Sensi, onsite measurement vor posible 
frown salts. Last year, protoype sense 
‘we at etd and “planted” in garden ete 
‘on Earth in preparation fr mistons to help estar 
potential bilgi acivityon planes 

In space a wearable computer jem with audio and 
ideo capability someday be available o strona, The 
‘Wireless Augmented Reality rowtype (WARE) system will, 








ince a ligheweight headpiece equipped with a miniature 
lapay eworway reab-time aio, and video capability. Finally 
just what every atonaut needs, 2 wearable communicator 
Unit This system will allow crewmembers onboan the Space 
‘Shunde and the International Space Staton to communicate 
via video and adi treo, The sate wil allow 
‘atronaus to get insane dats foe emote comptes ceough 
fan epece, fein thes hands Froth job. On Earth he 
potential wer are endl. Imagine owning our own wearable 
petmnal comnuniaions stem, 

Eater this yar, JPL engineers and UCLA neurophysolo- 
is teamed up eo teat a protorype, bot lt devic hat, 
‘hen complete, wil be wed ina ehablation peogra cht 
‘ould potential help whecchai-bourd people ke eheir 
frat steps The device, sl inthe developmental phase, could 
‘be par of linia wisi abou thee yeas. This same device 
could also be weal to astronauts in maining deity 
10 walk snfely felling prolonged periods in micro-gravity, 
tich at extended mistngs on the Inerational Space Satin, 

eying taditional laws of physics, rescarchers may have 
founda way to blast dough roadblocks o the highway to 
Eater and aallr compurs. Using moder quantum 
physics, researchers dicavered tha entangled pais of ight 
partes called photons, ean et a single unit but perform 
Wh ice the eficicny. This eearch could erable nwo 
‘conti upgrading computer eren air eaditonl an 





fseturng procedures have been exkuted 
"New JPL technology developments hold promise for the 
coming yea. A hopping robot on wheel, an arf ear 
trade of ranotubes, machines with hurl vio, and 
‘omnpter that think for dherncyes are jut a ew. Many of 
the technologies cunendy under resenech and 
developmen wil have not-space telat 
benefit A hand-held device to measure 2 
patent eye to gers blood glucose eading 
laser that could perform a spial ep and 2 








Plcotne patch that measures calcium los, 
which could bea useful oo inthe prevention 
sd mitigation of osteoporosis, ate al being 
‘onsiered and may be posible inthe years, 
‘ocome. & 
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yaulonB, Johason Space Centr, established in 1961, 
NASA’ primary center for: design, development 
and testing of spacecraft and anole eyes fot 

aman fgh selection and taining of seronaus planning 


‘ion in medial and engnectingexpesimentscaied aboand 
space Migs. Located just outside of Houston, Texas, the 
Jonson Space Center howe NASA Mision Control and it 
‘eaponabe fr allot Space Shute operations, 

"The Interrational Space Sein (1SS) program involves 16 
parce nations, 5 space agencis, at wells several Languages 
2d cultures 18S operations reqite attentional day, every 
‘hay al yearlong fom Miscn Conta Centers t Jonson, 
in Rusia, ada fom the Might contol centers of our 
intenational partners, During the past yar, the SS has 
frown to 105 tonsabout the mats af 2 Space Shuede—and 
‘eases 240 fet wide. In August 2000, che new Jobson ISS 
Aight contol training fact opened. Nated the “Red Flight 
Control Roo," iusd alone ot in concer withthe “Ble” 


to train eas for ft anignrens, Neat the year end on 
[November 2, 2000, the Expedion One crew antived ina 
Russian Soyu capsule to bepn anew rs of continuous 
Intemational operation in space. 

‘Because Mision Contra isa major provider of emu 
‘ations, Johnson Space Center personel wok pride when 
Sofiphone wat instal aboard ISS, Sfiphone makes cling 
someone rom orbit as easy 3 placing aeall om any desk 2 
Johnson, Donning a heads plugged ito thei laptops, the 
‘stronaut ca each anyone witha Johnson extenon by 
Ailing» five-digit number Should an aronaut wish wo place 
aloe longistance or international ll, they amply dial 
sine i. 

‘Sofiphone, though oot critical oheeping the upon in 
bib already become a much- 
precited lunar. "Were rally 
‘iloying it and petting alot of te out 
ofthe Sofiphone” sa Jim Vass in a 
volcemail message let for Bret Patch, 

‘ohn engineer who worked on che 
project. “Thanks a o.. Is great 
fave ton board” 

er decades, the only way 
cmmanicate with strats was via 
radio, which had several iain and 
teatively ow ial quality. Dutiog 
‘hove years, only the piileged Capae 
Communicate (CAPCOM) sat is 
ready contact with asonauts, Limit 
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and conducting of human spaceflight misions: and parseps- 


shut Might contol room and dhe “Whi SS conel room, 


— Jolinson Space Centep ——— 


ions exited at so where and when the artronaues could all 
With thei families oer de old radio system. “In the pas the 
CAPCOM was the one thi talked vo the strona and that 
eas it—perod," Pur id. "There were ew exceptions 
Te git surgeons, che President, othe fly in protected 
room. Now ith a comfortable a cling rom the oie, 
which something we take for granted. Bur if youre ina ia 
an fra months is lng ie ogo without talking to 
your kids or your spose” 

‘Sofiphone ta dream cote tue for many people Johnson 
and Cisco Spee ipdated the phone ase for comamuni- 
tations operations on the ground ike those inthe Mion 
CContrl Center and between crtin dette. Cleo 
reengineered it Softphone program, because the design was 
‘ot able to survive the NASA satelite network, The network 
tonvetines requires signals tobe bounced around fo tena of 
thowsand of eile before reaching thee target inthis cae 
the ISS. But technical problem arone ivan signal delay 
sau the inability ofthe Shute and ISS communication 
‘ystems etry Internet Protocl “packer” of infomation. 
Caco engineers seated the pogtam unl i could bande 
allof the difcalin 

‘The Sofiphone at well a other advanced communication 
capabilites, could not ext without the help of the Orbiter 
(Communication Adapter (OCA). The lie computer card 
said routing equipment have evoluonized das wanfer, 
networking, and communication with vehicle in oct. The 
(OCA “uch” old NASA satelite lnk int thinking they ae 
‘modem Ethernet network, Ica be bul into mow ay 
‘ommunicaton tem, and can serve ab elavely inxpen- 
sive basis far communication systems that used wo cost 
milion, 





“Another NASA project uss Jonson-developed echnology 
to lp in the search fr “heavenly coffex” The mision will 
tie an unpilotd acai, known a at “Uninhabited Acid 
Vehidle” o “UAN. to aid Hawaiian cafes growers by 
providing the growers wih colo images ofthe erp. Frotn 
‘his information the growers wl know, down tothe day. he 
est ine for harvesting the beans, shu bringing the best 
favor vo consumes 

Patt of NASAs UAY-based scence demonstration po 
am, these lights will show the aby of chiara o cary 
Eanh-vewing scenic poyouds in long-uation moan at 
altiudes exceeding the endurance of plot ina waitional 
tira 

“The research team will we dhe Pathlinder Pls strat 2 
igh yng solar-powered UAV bul by AeroVitonment, Ine. 
‘Monrovia, Clifnia. Te cal wl loiter ove crop Bela for 
long pesiods ding the hare sexton, Aer the ight, he 
Kata Cafce Company plantation and esearch tear ed by 
(Clash Univer, Worcener, Masachuseus, wl vie eaee 
industry fis omit ding 

“The iiion wll allow NASA to provide the benefit of 
seroupace research t9 che mule dalla cafe industry, 
hile exhbiing capabives chat wil benefit bth scene 
sau commercial objeeives well int the new millenium 
"This mission ishoth sien exting and commercially 
appealing. While validating this new bred of sscraft wee 
also providing sound scienee with re-wodd, practi 
applications wo the American people” sid De Ghanem 
‘att, Associate Administrator for Earth Sciences, NASA 
Headquarters, Washington, D.C. 

‘One particular Jokvoa tiamph was the mice tt 
Aight of the X-38 protorype “hfcboa.” assembled at Johnson 
Space Center The X-38 lose to a sucecsfl touchdown 
‘der the wold’ lange parfait NASA Dryden Flight 
Reseutch Center at Edward ie Force Base completing the 
seventh langescal ce Hight ts for the X38 projet. 

“The landing test gan at an skid of about 37.500 fet, 
when the X38 was tleated from NASA B52 arr. The 
‘ext verifed recent enhancement tade othe X38 ight, 
entra sofware and sho checked advances in the orange 
‘epesiioning deployment of diogue parachute that italy 
slows the vehicle from 600 miles an hou about 60 nes a 
bout. The parachutes ee the erage fr deployment ofthe 
7:500-aquar-fot parte wing, Aer a minute gliding 
ddscent, the unmasned X-38 touched down ata sped of xs 
than 40 miles an bout 

“The X-38 Crew Reto Vehicle program not only cn 
lucid the fire succes vext igh ofthe word’ age 
pfeil, bu ao reached several other X38 milestones 
2000, These include the esting aboard shuts of the X38 
‘avigaion eater andthe et Hight of the X38 fmal body 
shape conipustion. 





Jolson made signfiane progsess during 2000 in ercl 
esearch and development aes. The new “gas cockpit™ 08 
Space Shute dante gives plots mote information ina mote 
capable display Congress provided additional funding for key 
falery upgrade designed to reduce the rks during ascent, 
orbit and re-eny, and to increase the “situational avarenes” 
ff Shute crews daring igh. 

In the area of space operations, Johnson’ Space Operations 
Management Office woeked to consolidate hua spacelght 
‘nmtnications and data erics, The Inch ofthe latest 
“aching and Data Relay Sotelite mashed a major achieve 
ment inthis area, Throigh the ongoing efforts of Johnson 
‘eseatchert and engineer, the Center wil contin o place 8 
trong emphasis onthe development and commercaltation 
of key NASA ast and capabilies—belping US. businewes 
te "do busine” in low Ean orbit athe commercial wpce 
Industry expdly expands & 
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Ire, wo, one, and we have il. the Space 
‘Shute head for Eath obit fro the Jb E 
Kennedy Space Center, Amid premier paceport 
(On Apri 19, 2001, Kennedy celebrated the 208 anniversary 
ofthe fst Shuttle launch withthe launch of STS-100 on 
Endeavour, Dating the pat 20 yeas, the Shute ae wan 
pone approximately tice millon pounds of cargo and 
Banded of aconauts have had the unique peblge of 
tewvelng aboard this ntivaled apace vehicle. At he ease 
ime, more chan 100 modiiations hae been made vo make 
the Shutde safer and nore ecient and reise, x well ato 
expand is opal, Shute upgrades include a “gas 
cockpit” composed of 11 new fl-colo, at-panel displays 
fon the flight deck located sock vo prepae fo Interna 
‘ional Space Station (SS) assembly fights: an updated 
communications system: and beter protection element for 
the bite cooling spc 

‘Weather ic ery important to the Shue program. Because 
Florida is known 1 “te lighting capital of the US." 
lightning detection systems playa important ele at 
Kennedy A technology that determines the ground site 
pin of lightning in the iment vicinity ofthe shure 
Eeunch pads i valuable in determining which electronic 
equipment or ytem necds to be teste lowing igh 
‘ing aie. The lightning detector techoology ha coetnes- 
il potential in setaive manufacsing Gs, tle 
sorge facies, or haardous chesical storage bunkers 
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— Kennedy Space Center 


-AGNASKi designated Cone f Excelence in launch and 
fev pesaning pra, Renndph peony mops 
Scale Spe Sepang ean sed 
‘management of Ependable Launch Veiner 
rien cas aod proceng, and aspore Kenney 
Spor Technsloy Comer (STO) kine an evring 
chepesent of Keni dal iio Speen 
‘Opeaon and Speco and Range Teco Te STC 
is ioe oslgn an enhance exsing Kenedy chlo 
tldopent proc Tie ih the nef carey ad 
Somer end eprediie ars mnsparacce tem 
tnd hipped Kenedy ha cabled uni develop 
iment capaies (Qenonnl nd ort bel tine) 
Fer colderanewchnoloydewlopn: orn seal 
technology tht as ele spacer chlo decoy 
‘men nts STD) The STD te Da tem 
ctoclgen papers tmurennan amr pet 
‘pining ange echneos, ndcotand, new and 
tuts coogi Konya hs pds nes fo 
“pacer deign and spe devopent which rand 
ingen snateyofeomponencraieloger inde 
til an deploy a peo opcpat cn, Kennedy’ 
complemen need paper chao and seat 
rl bene cen ud us ceporson Ear and 
yond 

‘hs angring peace Koay satel fh eto 
which cleo che canbe ered and bow cn 














sccumulte ona sil and dus pails, The Bini 
‘his racarch will provide eel information ad vechriguee 
fer the sucefulopersion ofan extratrrentialqacepot by 
lrsinaing poten haar relating to dust accumulation 
fon equipment surfaces, astronaut sus, sla panels abit 
‘er, thermal adatr, and othe equipment. Dust acu 
lation could lead wo losin performance or even render 
‘shipmenc unusable, Commercial applications maybe found 
in the ania, pint and grain induc, 

‘Ashe quest continues ta construct an erbiting research, 
Facliy Kennedy endeavor to hep ensure safe and accel 
round operations forthe ISS fight hardware. Keanedy 
ucceufally completed Phase I of Mult Hement Integrated 
“esting (MET, involving the U.S. Laboratory Destiny, 
lees power conta and communication modules, 
‘locking pore, andthe Canadian-bue robot am. Kennedy 
teams focused thir llr on METT Phase Ist panning 
and completed the frat MEIT I et configuation involving 
1 Kennedy developed ground support U.S. Lab Emulator, 
‘edional power modules, nd the Mobile Transporter, One 
‘ofthe fs payloads to reside onthe Station the Protsin 
(Crystal Growtl- Enhanced Gaseous Niogen Dewar, wat 
peste a Kennedy Space Center fr flight STS106 e was 
Fetuned from orbit on fight STS92, demonstrating the all 
‘pe oe ISS hardware performing steatch in pec. 

‘Atechology as been developed at Kennedy that may be 
‘beneficial wo ISS and cer Low-Earth Otic (LEO) veces 
sch the Space Shute, at well a long dation inerpla 
‘tar vehicles and furue planetary habit, The personal 
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cabin peesure monitor wns by mean of sui, vibratory, 
and vst alarms, of dhe impending danger of bypuaa when 
‘bin peesure has fallen vo pre-pgrammed cabal evel 
“This device can alsa be used in varity of vation, sero- 
sce, and von aerspece applications where knawedge of 
‘onc exponre vo low pata prewureof oxygen imporeant. 

Due tot location on the Mert land National Wiki 
Refuge andi biological divest, Kennedy Space Center has 
developed a biologi sciences capability chat includes 
‘puceprecconytem astentnent. Under the Endangered 
Species Act and the National Envizonmentl Policy Ac, 
launch operations requis erfuntion and impact xniaa- 
tion. Apprinntey 100 wildlife specie found at Kennedy 
se the whject of conservation concerns. Monitoring focuses 
(combining eld and remote sensing data with predictive 
interpretive model on tarine vrs, gopher eortie,ndiga 
‘sas, rang bls, shreds, ser jy, bea mice, snd 
‘manatee, technology developed wo redce hazardous 
focke- fel waste hat alo resulted in poitive effects to the 
‘vironment at Kennedy. The Nitrogen Oxide Wate 
‘Convenion Scrubber conver hazards watt high 
ade erilzr, while educng air poluion. fs commercial 
Spplcations include posible tein pow plant, 

"As we move ints the 21*cenary, Kennedy Space Center 
‘ces many challenges. The tratepc pou, vion and guiding 
principles developed at Kennedy mitor the dedication, 
‘xcellence, and inept of ingesting in America's ture 
through continued space exploration. & 











— Langley Research Center 
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from making space access routine venture 
developing down-w-Earh ideas about arrfsfey and 
tite operations Langley it alo adding vo our knowledge of 
mosphere since, providing sient data for nll 
tutional decioo-making about out envsonment. 

NASA’ Space Launch Iniaive (SLI) ha een eae 


find a more alforable and elle highway inc pace. Whetber it 


i doing busine in Ear orbit or exploring dian work, the 
Aoughes pac of the journey ithe fe ew unde les up 
‘heh the tmephere to pace, Consequential dat 
‘hesitame of ny fate vehicle be opie or maximum 
piformance wll incuporatng minimum weigh he dae 
erapace die. 

Langley, word senowned fats recatc nna he peforance 
of winge eis and space vehi, ill the development 
tnd detoratration of ifiametechnclgies fo SLE igheight 
Temperature oicant trace ad mater, erodes, 
‘qe coginering and anit ep define neve tchnalo- 
(Bes and banc cockpit technologies oinpeove safety and 


‘bly Langley working with Meal Space Fight Center 


the development of cyegeic ka ta hold sper od liquid 
Iydrogen ful, with Amer Research Center on thre prtetion 
‘spc and wih Johnson Space Center on cop technologie. 
“The fis expetiment wo be pefrmed onthe Iteration 
Space Station (155) was nut by Langley. The Materials 
Tmvenational Space Satan Experiment (MISSE) is designe to 
vaste the performance stabi, ad longtem surdabiy of 
tote dan 700 ate and components panned forte by 
NASA, che Department of Delete and commercial pact 
smanufacruren. “Space is host environment, dowretive to 
‘many matt” sd Wiis Kian, program cet foe 
DISSE. “New, fodsble mates are the nes oe 
sdriced spacer sin space tating. provided by 
IMISSE on the ISS, isan exe part of the develope 
oem ic thee new pac ater” 
For the next eo decades ast oi misions 
made up of eben, tinder, and soe wil explore Mats 
locking fo evidence of por prea fe. Langley wil 
contrat aenuynamics.aerothermodnanio.aumosgheric 
igh simulation guidance and contol rocch everthing 
regula wo makes accent igh though the ammonite 
of Mas, Langley performed 2 70-day simulation of 
aerbraking stound Mas forthe Mars Odpaey Orbit, 
[bunched in Api 2001, On ofthe Cee aba ta igure 
cut how dep the biter should goon each pas I he 
per are too dep, he solar panes could burn up ifthe 


ae a po pla mad ag na ng ental 
‘Se Paste Egetment Contin (90 ft cas eral 
‘Spain permet USS) pet sal cance 
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pte ate to slow dhe aio could end pina ues 
‘tie Forth 2003 Mars Exploration Rovers, Langley i 
developing che end-t-nd figh sation and arya 
‘dab fr igh en atonpberc ince all he way to 
tow on the surface of Ma 

“Another group of suche re explotng revolutionary 
sirraf ecologies in a progam called 2st Ceniry Acrapace 
‘Vebile.Theersearchers bv ha sire of de fe wll 
‘ena by aking some ofthe form and function fbn The 
icra wl have “sar” mate ih rbd erie and 
Seuss Sensors ike the “ners” of bind wll mete dhe 
rete ve the entire suri of the wing ad dtc the 
{esponeof the acuaton—dhe "ce," These crn will 
dunge the shape of the wing for opina ying conditions. 
Inline tems madeo thee smart sensor, cz proce, 
inl alspive contol stems wal nae vhs to monitor hie 
‘own peormance, the environment 2nd the operator in 
‘order t avoid eres, mishaps, and incidents: Dierbue 
‘erwerk touphout the sous, hey wl provide the cans 
{aribeding servo eter in de suc and eat 
ing ite change shape They willl eve athe mea for 
seri any damage o inpending El long bef  besorner 
problem, 


Inthe scare, ira willbe safer han to NASA 
cocuibutons othe eatinal Aviation Seley ropa. Ro 
‘rample csc ale beween sitet and ground vehicle roher 
planes have grown steady in recent year, wid 320 inden 
{epored in 1999 lone. Reducing way incisions os bese 
the Feleral Avion Admiiaraor’ number one ee pia 
Inane micach projec an advanced cockpit dpa, 
developed by engineers at NASA Langley, could help prevent 
‘nw inesion indents and near sokleneon spore 
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cays ery, and ramps The ye combines head- 
down dpay ofan deoronic moving map of sispon cunways 
ad axinay with a ed-up cen thar gies the plo rene 
‘iid The atem hows and sounds an ale if nether plane 
(Ge ehide ir our encroach onto the runway. The meth 
‘woul improve aviation sey an Bciency several way, 
Inching loving mor sirraf wo lod on nein bad weather 

‘iline strated wih delays at US. spor may 
tbeable wo reach er doinaions Ester inthe fre becuse of 
cranes in peding icra wake sbulece on al 
‘pptcach. With this ew techno, called Aira Vr 
‘Spacing Sytem (AVOSS), Langley developments wl blp 
‘line achieve optinal qucng and efiency. The ters 
<dcermines how wind aod other ammoepheri condition let 
the wake vortex patterns of differen yes of scat AVOSS 
tes a er rade oda technolo confi the acurcy of 
tone forces The information x proceed by computes 
‘which can then provide fe pacing ei stomatal All 
‘Serf prduce wale vortices da ct ike ewo sl boone 
temnadoes aling behind dhe wing peda canbe ee a al- 
torcree ulcer by flowing sera Lack of an acorte 
proicion seem fre aia cones oui ig ed 
ances to spurt diffrent hss of aise, pecaly during, 
Inu weather causing air afc dlae tha apt igh sche 
and increte coats, AVOSS i expect to provide the informa 
Sion needed forsale, efiient separation tom proach 
landing AVOSS i par of the NASA Aviation Sem 
(Capac Progr, headquartered at Ames Rescate Center, 
‘Mol Fld California 

"Thisiea pot time for NASA general vain fas, The 
‘Advanced General Aviation Tanspot Expeiments (AGATE) 
program, base t Langley has concluded its seven year msec, 
gen, boasing of many soca in is lors wo ovale 


zeal ain, The goecsensinduy-uiverdiy comma 
hm isa model for how wo wok together to make the roof 
‘ta dol on behalf of the nation, Succes include the 
evelopment of shore technologie near reine weather 
and ybeti von for afer ad efSieney ad highs 
they daplays to sid in aviation, The EAA watked a 20 
AGATE member to arcane cerifiation proces fr new 
Sinz hlping maker ofthe fur more flonable 
Embry Ridile Aconacal Univesity, another AGATE 
‘mem, wosked to cate single pting cure o 
cncourge mote people to become pl. 

“Anew NASMed program, housed at Langley, cle the 
Sal Aizzaf Tarsportation Sytem (SATS), wl demonsrste 
how stgleengneaserft an aller an aracve kematve © 
‘sing transportation systems fo tgs om about 150 to 1,000 
tile, SATS isco as Gecng people and product foe xing, 
"tanspration stem delays, by creating acces to moe commu 
‘esa line. The SATS ctacep of operations esa 
‘Sra for busines 2nd personal wansportaton for on-demand, 
poinctopoine uve betwen smaller rina ives, perl 
$vtion, nd ther ning aces, ineuding belipores The 
{veyea SATS program wil culminate naj NASAVEAAT 
indurydemonartion of sdected operational opbliie st 
<dsignted“SATSLAM” sports The eae wll eral he 
tar frre deco by loc, at, and feral policy makers 
segpeing SATS and sie 

Tangle taking eo oe srr and 
lite tener undertaed arr and man-made changes 0 
‘ourstmospie Long, loa eis include the wang of 
‘asad i low fom Aa acto the Pacific in the Teapot ad 
‘Chemical Evoluon ver the Paci (TRACE.P) experiment 
Ennion ate expected once inthis put ofthe wd 
Eat Aa continues induilie. Thi an oppor for 
rescachen to stay how chemical etions and movement at 
their asi uve a afl wep tna TRACE Pi 
the Ltt ina long sei of NASA led Gleb Thpospheric 
Esperimcats(GTE} aimed ata bene undestanding of wld- 
wide chemistry ofthe oponphere—the pat of the tophere 
‘dove the Ear auc. 

Te anther dy, Langley researcher ar blping to document 
theimponant role of polar rtepheric lus in the dec 
tin of petticoat oer the Arte. Ono inthe upper 
‘troephere prota plants and arma onthe nce af the 
Eth fom harmful lave radiation, The Sage Il Otome 
Lon and Validation Experiment (SOLVE) reveled barge sale 
duraceitic of polar srtnpheric oid, ining tc extent 
‘ad chemical proper. In suligh, thee high aime donde 
Ielp rene sane detoying chlrine Bom otherwise noo 
rfl ue. Once den fs proce ar incrpoested ita 
demir and diate medel scenes wil have «beer en of 
the extent of fre none detuction inthe Aci and the 
pouty ofan event "azane hale” over the Ari. 











—— Marshall Space Flight Center 


{NASA lead center for space trneporstion 
‘ystems an development, and the Center af 
Excllence fr space propulsion, the George C. 

tas Space Hight Center in Huntaile,Alsbama lade 
[NASA mission to develop sf, rib, and affordable space 
transportation sytem, The Center alo einai propulsion 
‘gees fo Arcries catent space Mle. 

‘Marshal lade NASAS efforts in mcrograviy esearch — 
cxpesimens conducted in the low graiy inside biting 
‘peceeraft—at wel asin the developmen of space optct 
‘anuficurng technologies The Center alo delves practical 
applications of NASA space reseatch ad tchnologe here 
on Earth. 

Marshall is managing the Space Launch Initative, NASA 
comprehensive resench and technology development effort co 
Aramatially increase che fey rib and affordability of 
‘gece eatsporation eres. The initatie elle for a oct 
investment of $4.8 billion dough fsa year 2006 w develop 
concepts and technologie needed ta cate a second genes 
Sion reutble launch vehide—one tha expected tobe 10 
time cheaper and 100 mes safer tha tds pace Inch 
spe 

“The Advanced Space Transportation Program st Marshall 
looks beyond second generation systems, keying on Aying 
‘hd and fourth generation ewable launch veces. These 
programe ae tackling che difcale tak of lowing de 
'$10,000-per- pound eos of puting payloads nt space—fist 
‘e $1,000 pet pound, then to slow 38 $100 pe pound 
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“Te each these gal requires revolutionary aroapace 
technologes—from magnetic chemical, and propllandee 
propulsion stems to new energy source such at apace solar 
Power orantane propulsion, These and ater advance ate 
ow being studied, developed, and este 2t Marshall 

"The Center els NASA government cam in develop- 
ment and testing ofthe X-37 space plane, which is expected 
to make history athe Hist reasble demonstrator wo fy in 
both obit and renty envionment, Desgnel o demon 
strate done of advance sre, avioney, and operons 
technologies tha can support various lunch vehicle and 
spaceerat design, the X37 wil ave up 025 dimes the 
speed of sound, remain in hip o 21 day, and land on 
convestloeal cwsy. 

“Today and continuing went dhe atte, the Space 
Shutle remains unmatched by ay other une tem 
Marshall manages ll pace Shute propulsion elements 
including the Main Engine, External Tank, and Solid Rocket 
Booster In 2001, redesigned Shute Main Engine makes 
in debut igh, The updated Block It engine include new 
igh: pressre Fuel urbopumnp designed o increase the 
rine of flights between required overhauls, Additonal 
‘ipgrides othe Shunde’ propulsion systems ae planned for 
‘eatmpletion by 2005, 

‘Matall stentns and engineer routinely contribute to 
new proceues and technology innovation in uea a8 diverse 
as mnufcuting, communications and dectroic, 
‘Microgsavie esearch conducted in Earth bit Garters our 








undentanding of rial biologi, 
‘chemical and physi procese— 
‘opening doors tothe commercial develop- 
tent of pace. 

‘Una een; microgravity esearch 
ves limited eo elavelyshoreduration 
Space Shute fights This changed with 
the ation ofthe Destiny Laboratory 
Modal othe Inemationa Space Station 
in 2001. One of umero Space Station 
‘ements bl and tet at Marsal, 
Destiny slows fr longduration 
smlcrogevity experiments aed ithe 
premier labostry fr this research 

‘As Space Station construction oat 
ein omit, dhe Center ainsi a key 
role in hankware developmen and since 
‘persion forthe orbiting esearch 
‘lspose. Manhall is aveecng develop 
‘ment of Station Nodes 2 and 3—modales 
thatserveas hubs for disetusion of wate, clecscl power, 
and thermal controls forthe Space Staion —as well tthe 
Stations Environmental Cntol and Life Support System, a 
water eyeing and oxygen generation stem 

‘Marl ae evens development and operition of the 
Space Station's Multipurpose Logistis Modules, lalan-uile 
mode har will ary laboratory aks filled with equip 
tment, experiment nd supplies o and from the Sto. 

“The Payload Operations Centr at Marshalls NASAS 
primary Space Seon science command pos, cooedinating 
{science aboard the Sation and communication beech 
rrearcher on Earth and thes on-board experiment. 
Manfal is alt raponsible for coordinating and maraging all 
Staton microgeaiyacence and comercial resarch 
payloads. 

"With more than 30 yea’ expeience developing optical 
systems for space exploration, Marshall leads NASAG space 
‘peice manufsruring technology development, incding 
‘pecs desig, fabrication, esting nd analysis 

“The Space Optis Manufcruting Technology Center at 
Marsal is speatheading NASA development of advanced, 
ulusigheweght opeics materials, bricaton technologies, 
precise mensuementstanduds, and wateof-chear tet 
Fac, The Center curently supports NASA Goddard 
Space Fight Center by leading opie technology develop 
sient forthe New Generation Space Telescope, the successor 
to the Hubble Space Tecope. The Center is ao developing 
ls igheweight ops forthe Constellation X-ray mision, 
the successor to the Chandra X-ray Observatory, which was 
signed and developed at Marsal and launched with 
spectacular ress in 199. 
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‘Marshall partes with Ashura universes, indus: and 
‘othe federal agencies inthe new National Space Sience and 
“Technology Center Opened in Huns, Alabams, in 2001, 
the eater ia collaborative effort tha enables scientist and 
‘elucators vo parener on cutng-ege advance in space 
‘iene, matcial sence, biotechnology, Earth sciences, 
propulsion, information technology. opts and other acas 
that support NASAS mison. 

Ta elaboration with Seanfod Unive researcher, 
‘Mantallscieni are developing a sphitcted experiment 
called Geaiy Pabe B, dsgned to prove or dproteparins 
‘of Albert Einacins general theory of elatviy. The Gravity 
Poke B mision ie scheduled to launch in ate 2002. 

‘Marshalls aggresive reach for the star it intended ta do 
rote than adeance humans dive to explore. Technologies 
Aexved foe Attic’ pace programe —olring a wealth of 
benef sch a new medicines, manufacturing proces and 
clecroni—are sealable vo private indus, universities, and 
igvemimentageneie through che Centers Technology 
“Taner Deparment. The technology tranaer programa 
cncourngers broad use of Marta inncvaions aed expetine 
bby Ametican private entrpie, 











— Stennis Space Center 





mated neat Misinippis Gulf Coa, us 45 ines 
fags New Odea, Joh C. Stennis Space Cemer is 
sigue federal cig tha continues vo fel the postive 
fom incre contruction, expansion, and colors: 
tn, The Centers ecing tremendous gow by hs extig 
tenants and the addition of new agencies companies, and 
‘oupe co the fciy, 

'NASAs mision at Stennis includes managing NASA 
rocker proplion test programs ad Ets for current and 
facut space veces, ad providing tt services for gover 
‘ment anid commercial custome, while another mission 
includes Earth scence applications, Seen a Stenaie 
conduct broad range of emote sensing applications project 
‘with «focus on developing stems and wool to bener 
Imonitor and manage the health and productivity of out 
‘atog land and coal resources, 
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Stennis Space Center fs NASAS lead cee for rocker 
propulsion cating and manages the Agency’ racer propul- 
‘ion test ae, including facies atthe Maral Space 
Flight Center in Alsat, the White Sands Test acy in 
[New Mexico, and che Glenn Research Center Phubook 
Station in Ohio 

Bilding oe a ole in engine and vehicle testing tht spane 
$0 yeas, Stennis i the Center of Excellence for propulsion 
‘esting Every Space Shute Main Engin (SSME) undergoes 
scepeanee eatng at Stennis. The engin is installed yerally 
in te of we lage tent tans wher sere of ext Eiings are 





preformed. Once proven ight worthy, the engine rane 
ported to she Kennedy Space Center in Fda where itis 
Invalled nan orbiter 

Sof and affordable space transportation ia the highest 
priory for NASA Space Launch Iniiatv. This pirty 
Provides commercial ndusry with dhe opportunity to mest 
NASA’ fue launch needs By conducting testing on 
engines forthe X33 and X-34, Stennis researchers gained a 
wreath of technology that can be used fr fuure vehicle, 
"Thi svt ice Sees wll eootnue to ply an inegeal 
sole the lead center Fr propulsion veting in ving fate 
‘component and peopulion sytem, 

‘Comes est progeatae ae alo conducted t Stent 
Space Center, For example, the Center hasbeen selected 0 
atemble and tet the RS-68 engine andthe common bot 
‘at foe dhe Boeing Compan Dele TV rocker. The RS ie 
the word agate quid hydrogen, quid cnygen engine. 
Bocing hat ented che B- txt stand from NASA for thee 

‘Stenni’E-Complex tet ay seve ta developmental 
rocket engine eomponent text Gili for fture generation 
rocket engine. The Neible thread complex ean catty 
‘ut tact engine eating and her pes of testing invaling 
ts high pes uct and high pease, upercold Aus 
(ne of es fis uses wa o ground et rocker engine compe- 
nent forthe Reusable Launch Vehide (RLV) program. 

‘Stennis esearch engineers alo use the E-Complx fy 
te advance knowledge in test technology ares, such a8 
instrumentation, the study of exhaust plumes, text fey 
design and capability. and dat sequstion. 

‘Stennis Space Center faa NASAS lead center far Each 
science applications sin ie wo “ertend the bene of 
Eanh Sclence Enterprises (ESE) discovers, knowledge, 
technology, and dats bend the tradionl seiner cami 
nlty-to tm Earth scence resales and cpablies into 
practical nos frslving practical problems” 

Th support of NASAY ESE, the Geogpace Applications snd 
DDeielopeene Ditctorat (GADD) at Stenis conducts 
bead range of remote sensing application projec, Remote 
scrsng irs way to gather information about the Earth sing 
ier or sates By using digital images, incerpreting 
Photographs, and comparing rules co round truth dat, the 
GADD provides information that as real-world applications. 
“These application hve the potential to enhance out quay 
oflife dt create new produc, service, and indastes 
Ied on NASA-developed technology. Some ofthese 
applications include land-use mapping, Good plain manage 
‘ment, crop condison monivrng, fret manager, 
‘cavitoomental monitoring, and watral karan axestmens 
"This emerging mlibilion-dllar industry has the potential 
teineree US. economic competiienes in wold markets 
hile providing NASA with reliable commercial source for 
seienlc das, 





‘Scintn t Stennis lin conduct, 
costal aqua esearch sing remote 
‘ensing technologie, Remote senting 
Indeuments, both sieborne and 
satelite, are negated wit centiic 
<acipine atcha binogy and 
eochemisry ro seudy the ae of 
‘nse environment in marine 
Biochemical eyes. This research it 
‘naportant in undestanding how ight 
in tranamiied and reflected though 
wae, and how thi may be applied 
through the ue of remore snag in 
‘nel environment 

NASA personel ae suo involved in seatuthing, which 
Inyoltes going out wo an are ofthe ocean and taking mex 
surements of phyeoplanon, sediment aed other conta 
ents ofthe se. Seatuthing, used wo verify and calibrate data 
‘auld by remote ening sles ich athe Sex-viwing, 
‘Wide Feld-o view Sensor (SeaWiS), expected to play 2 
major tole in glatalelimate change reteach 

‘The advancement and aplication of new technologie in 
vernment and commercial produces and service has aay 
been important so the well-being of che United Sete. Since 
its incepoon in 1958, NASA hs been a imporan source of 
much ofthe nations new technology. The Office of Technal- 
ogy Taner at Stennis works o identify technology develop- 
‘et opperiniies and make thee avalable wo domestic 
‘companies commercial product, I does by making. 
technologies aalbl through public license and parr 
thips, providing techie advice and acting ss axing. 
hotse fr techonlogy neds, NASA Commercial Technslogy 
Progsam provider vaiey of apporuniies for che Americas 
pli to work with NASA in the tanufer of technology, 
Including licensing opportunites, dua-ase projects, Small 
Busines Innovation Research and Smal Bsinen Technology 
“Taf (SBIIUSTTR), and technology asicance. 

"An integral pat of the Stennis connmunity is ts cation 
programa, The Office of Education is deicated to Fseing 3 
‘Goatinued growth in audenepattcpaion and succes inthe 
eat of eience, mathematica, geography, and technology. The 
‘Office ie alo responsible forthe design and implementation 
of echer educational prorat aimed at ioproving America’s 
‘cheats und supporting the nation’s education goa. Programs 
developed t Stennis ate supported or implemented at che 
loca state, and national level 

NASA Educator Resource Center (ERC) offer vast 
calleion of material foe educators, inlading hundreds of 
‘ideoapes, computer software, printed materia and leon 
plan thar reflect the noe sce scent dicoveres out 
‘pce, oceans and the Earth, The ERC alo provide pofe- 
tonal development opporsniis fr educator throtgh 
‘worshoprand seminars A computer center and dhe Mii 


dd lf hf of RASA ar So See Of (SSO at. 
‘Sa Se on srs psec ae Yae i ih 
sede oa pon apa ore 


pp lteracsive Video Nework elp teaches integrate state 
ofthert technology into dir hero, 

[NASA played a hey sole in creating the Gulf Coast 
Education Intatve, an innovative flor wo promote and 
support the eff of six Mistisspp counties and one 
Liat pai o develop a quality education syste. Ths 
program was dexigned vo ensure that andents mater the ls 
‘cetty fr fate sacs in Amerie’ high-tech envion- 

New busin is booming at Stennis. The Sate of Misti 
ips cortructng a new high-ech aerospace pac at 
‘Stennis and theft occupant wl be the Locked Maria 
Propulion, Thermal, sd Metrology Cente Adjacent wo this 
park wil be the new Department f Defense Space Bed 
{Laser Performance Text Fail 

Lackhced Martins Space Stems and Technology Services 
‘compies teamed withthe Sate of Missipp, Hancock 
‘County, and NASA to develop the Lckhed Martin Propul- 
son, Thermal, and Metrology Center. Construction af the 
220,000-squsrfoot flit began in 2001 and wll produce 
ropubion systems, sucha het, we fo stelites and 
‘the spacecraft the company peodce. The thermal conte 
‘stems produced athe fuiy wil protect space vehicles 
{hoes the exteneeraperature ofthe space environment. 

"The Pentagons Ballistic Msile Deferue Organization has 
slated consraction of «$140 milion fy a tennis to et 
is proposed Space Based Later (SBL) to begin in the fst 
quarter of sel year 2002. The fly willbe wed 0 
craluste beam quality efcieny, and power eves for 3 
protoype megawatt hydrogen Avoride ase. 

"The tee cerainly Bright for Stennis Space Center, es 
employes take pride in mecing the challenges of providing 
‘acalen customer service and falling the needs ofthe 
“American vrpayes who deserve high reruns on their, 
invetmens. 














Special Millennium 


™ 
S 
‘As we begin the new millennium, we lok forward to more revolutionary == 
new technologies, products, and services that wil be the culmination of = 
parnerships beween NASA and the private sector. In this year's Spinoff 

we take a lookback atthe many innovations spun off from NASA‘ space a 
research that provided numerous benefits in the daly lives ofthe American [T] 
public, ranging from home and recreation products, to health and medicine 

technologies to caviconment and resources management, as wells indastrial 
productivity and manufacturing technologies. The Special Millennium Feature 

takes a nostalgic glimpse ino the past and revisits some of the products that 

most heavily impacted our lives. This section sums up the many yeas of hard 

work and dedication from the NASA Bld centers and industry that resulted in 

solid returns on America’ investment inthe Space Program. 





— Ames Research Center-Spinoff 199% 
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The Center of Attention 


ith the dizzying amount of software 
available o the market today, 
‘communication across different 
‘computer platforms and applications has become 
‘a must, A data-collection and processing 
“middleware” package that was developed with 
NASA's Small Business Innovation Research 
(SBIR) funding is making strides in computer 
systems integration, 
Creare, Ine, of Hanover, New Hampshire, has 
smade it possible to synchronize interaction among 
different computer applications. Originally created 


{in conjunction with NASA's Dryden Flight Research 
Center for collecting and processing aircraft vibration 
test data, DataTurbine™ is now used asa software 
‘ool for industrial monitoring, collaborative simula 
tion and modeling, and multimedia data streaming. 
‘DataTurbine serves as “glueware,” allowing 
‘communication among dissimilar computer platforms 
and permitting analysis, storage, and acquisition of 
shared data. The middleware technology solves many 
problems posed by real-time or online data manage- 
‘ment in collaborative environments. These environ- 
‘ments must be capable of exchanging large volumes 





(Creare, Inc. s DataTurbine™ serves at “gueware 
allowing communication among multiple users and 
‘tisillar computer platforms, 











of data from dissimilar systems a local and remote 
sites. DataTurbine’s underlying technology, 
CCreare's patent-pending Ring Buffered Network 
[Bus (RENB), i a software server that provides a 
‘buffered network data path between suppliers and 
‘consumers of information. Diverse distributed 
applications pool and share data using DataTurbine 
‘as @ common intermediate point of contact. There- 
fore, the RBNB manages all aspects of inter- 
application data traffic, including storing retrov- 
ing, and routing information within the network. 

“The RENB acts asa nerve center within 8 
network of applications, enabling synchronized 
data distribution, application integration, and 
collaborative processing, Like a neuron, RBNB, 
‘uses a mechanism to receive, store, process, and 
forward signals from many sources to many 
destinations, A network of DataTurbine servers 
creates a type of nervous system that bonds 
applications and data sources together. 

‘The software allows connected users to extract 
‘or input audio and video information nearly 
instantaneously, no matter what type of eomputers 
they are using. DataTurbine can separate informa- 
tion, as well a integrate it Ia user wishes to 
receive only news from a data stream that also 
{includes sports and concert information, he or she 
‘can se DataTurbine to filter out only the news 





information. Using this method of data extraction, the 
[RENE can also be used for securing information 
‘through authorization restriction on a client-by-client 
basis. 

Many applications for DataTurbine continue to 
cemerge. Advantages ofthis technology include a 
possible notwork-oriented infrastructure for managing 
information on an aircraft. Continuous updates of 
‘weather information to aad fom an aircraft can be 
integrated with engine health monitoring and other 
tools. 

‘The RBNB fills multiple needs that would other- 
‘wise require ad hoe and expensive software develop- 
‘ment, Given the benefits of DataTurbine off-the-shelf 
products, faster development of more useful software 
4s possible, 











— Glenn Research Center—Spinoff 1996 


A Giant Step in Jetliner Propulsion 


Accleanes, quite, \pSmEEMIT 1905, te General Electric GEO 


amore economical 
aircraft engine 
heads technology 
transfers in the 
fil of 


transportation 








turbofan engine made its fight debut aboard a 
Boeing 77 jeliner operated by British Air 
veays. Developed and manufactured by GE 
Aircraft Engines (GEAE), Cincinnati, Oho, in 
‘concert with program participant in France, 
Italy and Japan, the GEO0 ie one of the most 
powerful air breathing engines ever flow. Itis 
also ane of the most efficient, one of ao af 
advanced technology, very high thrust jediner 
engines that offer new levels of operating 
‘economy and environmental acceptabiliy 


“The GE's history underlines the lengthy 
time and large investment—$15 billion in this 
instance—required to bring a major aerospace 
system from concept to service entry. By the 
Lime it was certified in 1995, the engine had 
been several years in development. Actually, 
though, some of the 

technologies 
orporated in the 
(GE00 trace their rats 
to joint GE/NASA 
research in the 1970s 











AGE Aira Engines 
tein arf by Be 
‘nemmeth C29 jane 
en hich npr 
tipi caer 
lel in ot G/NASA 
reer proroms. Te large 
‘plea tat arate 


“The GE9O was initially certified at 84,700 
pounds thrust, but i is capable of trust levels 
‘well beyond that. Only Wo engines ae re- 
{uited to power the big widebody 777, which 
Approaches in size the fourengine Bocing 747 
jimbo jet. 


Iisa ype of engine known asa high bypase 
turbofan, Used in most modern airliners, the 
turbofan isa propulsion system in which some 
ofthe air taken in is compremed, burned in a 
‘combustor and expelled to generate power for 
‘riving the fan and compressor. A greater 
amount of the air bypasses the combustion 
process In the GE9O, the relatively cool bypass 
Sir is pushed rearward by a huge (123iach 
diameter) multibladed fan to mix with the hot 
teshaust gas; the resulta very large gain in 
‘vera thrust with minimal fuel expenditure. 








Propulsion engincers use the term “bypass 
ratio" to indicate how much of the ingeated 
Lypasses the combustion chamber: generally 
speaking, the higher the ratio, the more 
‘ficient the engine. The GE9O's very high 9:1 
‘tio makes « big contribution to nolse and 
fuel burn reductions. Specifically, the GE90 
fearutes fuel consumption rate 10 percent 
better than the lage commercial turbofans of 
the pre-1995 generation; 4 noise evel wo 
decibels lowers and emision reductions of 
oxides of nitrogen (35 percent), catbon 
‘monoxide (25 percent) and unburned 
Inydrocarbons (60 percent). 





‘These feares have grat attraction for sdtine 
‘operators, Fuel is one of the major elements of 
toval operating cous, and fuel eiciency of the 
fonder the GE3O offers ix vitally important to 
the word's ailines, who are just begining to 
recover financial equilibrium after years of 
heavy losses. The engine’ environcnental 
characteriatca provide a valuable bonus, aot 
only in comeniniy good will but in a Bither 
‘contribution to improved ailine earings 
through avoidance ef aoise and emissions 
‘axes ow being levied by foreiga nations, 














Although GEAE spent yeas refining them, the 
base Mel consumption and environmental 
improvement technologies that provided the 
springboard for what eventually became the 
(GE9O stemmed from the company’s participa 
tion in twa NASA research programs 


‘The first, initiated in 1969 and continuing 
through the 1970, vas the Quiet Clean Short 
haul Experimental Engine (QCSEE) programs 
conducted by Lewis Reseatch Center. QCSEE 
ecused on theavadvanced technologies to 
lower engine noive and address the most 
ttoubleiome airerafi-emited contaminants, 
‘The program wat eminently aucceuful; ground 
teats of research engines in the 40,000-pound. 
thrust class demonstrated noise reductions 8-12 
Aecibels (60-75 percent) below the quietest 
ceagines in civil transport service, They also 
‘demonstrated new technologies to effect sharp 
reductions in emiations of carbon monoxide 
and unburned hydrocarbons 











‘Alo inthe 1970s, GEAE joined with NASA in a 
joint Energy Efficienr Engine (E) program 
‘managed by Lewis Research Center Like 
QCSEE, E* targeted emission reductions, but 
tmaphasized new design cechaiques for suni- 
‘nizing fuel burn. Highlighting that program 
tras development of « new type of compres 
fore and an advanced combustor. The GE90's 
‘ampresior and dusl-dome combustor are 
ditece descendants of technology developed in 
the E! progsim and thoroughly proven tn 
fatensve ground test: they ate the pincipal 
fatoes in the engine’ economical fuel burs, 
reduced emiaions and low maintenance cont 
fearuces. 





In developing che GE9O, the company drew 
upon technology gained from multiple sources, 
including the NASA experience: expertise 
scquited tn building high thrust systems for 
nilitary aiteafe; and GEAE's development and 
tanufacture—in cooperation with SNECMA of 
France—of the CF6 and CEMS6 families of 
engines, which have years of service with many 
of the world sitlines, 


‘The development effort began in the late 19808 
and progrened to hardware tet in 1992, The 
round and flight crt progsam wae the mont 
shaustive ever undertaken by the company, 
invalving some 7,600 bouts and 19,000 eyeles 
of endurance testing to simulate more than two 
yeats of actual ssline experience and 





“Thrust levels of the GE9O serer continue to 
increase. The fist growth model—he GE90- 
928—achieved iterated rust of 92,000 
pound in the spring of 1996. Research engines 
hhae topped tha; the GE9O has operated for 
smote than 150 hours at chase levels above 
100,000 pounds, and hat demonstrated a chruse 
capably of 110,000 pounds. The engine is 
‘designed to power all models of the 777 in 
evelopment or planned, plus other subsonic 
‘commercial widebodies contemplated for 
ineroduction over the next 20 yeas 
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Auto Design 


he accompanying 
tos show exterior 
tnd interioe views of 


the 1947 Honds Acura 
Legend Coupe, which was 
designed with the id of 
the NASA-developed 
[NASTRAN® computer pro 
ram. The Legend is anioag 
the latest ears designed hy 
Honda R&D Company, 

Lid. span, s longtime user 
ofthe NASTRAN program. 
‘The progsam isan of 
soot of the computer des 
techigue that originated in 
sncafspaceerft develop 

tent, Engincers erate a 
‘mathematica mode! ofthe 
vehicle and “fly 

round by computer simula 
tion This allows study of the 














performance and structural 
behavior ofa mumner of di 
ferent designs before seting 
on fil configurstio, 
From that base of expe 
nce, Goddard Space Fight 
emer developed the NASA 
Structural Analysis Programn 
INASTRAN), a general pur 
ose predictive tool app 
Cable to structural analysis of 








futomeotive vehicles, rlload 
ats, ships, nuclear power 
Teactors steam turbines, 
bridges office buldings— 
tnd thats just the beginning 
Fa lengthy st. 








“The NASTRAN program 
takes an electronic ook at 
‘computerized design and 
predicts how the structure 
wil react under a great many 
Uiferent conditions. Quick 
and inexpensive it i 





‘mize wiaand-<rorin the 
design process and maker 
posse better lighter, ster 
Structures while affording 
significant savings in dev 
‘pment ime. One af the 
‘ost widely used of al ero 
space spol tchnologies, 
the NASTRAN peogram i 
avalabe through NASA's 
Computer Sutware Manage 
‘ment and Information Cen 
ter (COSMIC at The Uni 
vetity of Georgia 
Virtually ll U.S. sto 








makers now employ the 
serospace derived computer 
‘esi technique and most 
employ the NASTRAN pro 
gram or other NASA-deve 
‘ped programs in the design 
process, Honds R&D Com 
puter Ld. hasbeen using 
NASTRAN for more than 8 














cae for structural analysis 
of auto bodies, motorcycles 
nd such companents as 
tres, wheels, engine blocks, 
Pistons, connecting rods and 
ranks, All ofthe 
Honda auto products 
designed in the 190s have 
been analyzed by the 
NASTRAN program. 
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DIGITAL IMAGING 














— Johnson Space Center-Spinoff 1981 





Spinoff from a 
Moon Tool 


Cordless products based on 
Apollo technology typity 
aerospace derivatives for home, 
consumer and recreational use 




















— Kennedy Space Center-Spinoff 1997 





Sporting Goods Lubricants 
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‘Working with Lockheed Martin, Sun Coast Chemicals 
of Daytoas (SCD) was victorious in devising a Cenler 
“rac Lubricant. From dhe work, SCCD crete and 
Inuroduced thee spinal products Tian Tack Lubricant, 
Tenetating Spray Lube for us prevention and other 
seluted problems, and Biodegradable Hydraulic uid 

'SCCD has moved forward with yet another two ew 
product puke by she vigil lubscane work. 

‘The X-IR® Super Gun Cleaner and Lubricant (SGCL) 
bar been created for the gun devotee. This product impr 
tates che gu’ barel and ges mechani with ero- 
scopic metal pores, Just thee to Bie microns in sie, these 
pores hp peter again galling while increasing the 
‘elocgy eon ofthe gun A reduction in the hex build-up 
hoe apd ie i lao seized. 

Designed co clean alba in one step the X-1R 
SCL replaces solvent and all ow commonly uted by gun 
‘owners. No pardcuates, such a Télloa® oe graphite are 
‘tried in the gun cleaner and lubricant. The exvitoamen- 
tally safe, noasharrdous, on lammabl producti 
fortified with IR-39, a special SCCD advanced ruse 
Inhibitor Making ute of the X-IR SGCL protects a gun 
{fom rust and comasion caused by exteme environmental 
candids. 

‘Sun Coast Chemical of Dayton has announced 
another new product, an offpring Groen tele NASA 
(Crawler Track lubicane work For the ing enthuse, 
SCCD fe maeting the X-IR Tackle Pack. 

Dis tothe high cou of fies and aater see day, 
preventive mainenance ia mus. With the angler in 
find, Sun Coast as developed premium preventative 
‘maintenance package vo atte optim lubrication 


pee cane 





protection agains rust and corrosion. The XR Tackle Pack 
{ea blend of SCCD' speil Rod and Ree Lube and All 
Reel Gree. This powerful twosome i preparation that 
penetrates, deans, reduces Fction, Ibias, and provides 
‘ara protection again rust and coroion. As angler ean 
‘Gat further with smother ries hanks tothe X-1R. 
“Tackle Pack 

"Once agin, the XR Tackle Pack is environmentally 
thames, sor haardous, no fammabl, and is wed and 
candased by both fea and saltwater guider and cereal reel 
‘manure, 

‘Sun Coast Chemical of Daytona ha ented the evo 
‘ew product int real and whole sporting goods 
marks through the US. wet coat-bned Ohare 
Sporting Goods and Acadcmy Sparing Goods chains. 
SSCCD has recived its vendor acepeance from the Wal- 
‘Mat SuperStore chain, ax they toa have exprened an 
inter in the SCCD envizonmenlly safe lubricant 
product ine. 

‘Not bad for company that sited out “rang” ust a 
ew years ago, now eo become a at pacd produce of 
toad fly of environmentally -endly products, 
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PLEXIBLE CIRCUITS 























IDENTIFICATION SYSTEM 


“The par count for Space Shue ita whopping nutes in 
the millon. Take fr instance Shute obitersprotecine veer 
of eat diets, Each ofthe thowsands of es ictal to 
‘se type ofl, and location onthe vehi To en, ack, ad 
reco keep thet, dpe dots matic echnologies were 
eveloped che Mall Space Fight Comer 

“oa inivialheat shield eso the tf oni 
‘are marked wih high dte-densoy two-dimensional 
‘machine ealshe symbol This NASA-developed echooogy 
edged wo launch a new comer endeavor i prod coding, 

“Through s NASA Space Act agreement, CMe Carp. 

‘of Canon, Manachusets hasbeen bl to commerciale the 
prc coding ides by easing the Syrbology Reseach 
Cenc (SRC) of Hunvile, Alabama. Opening i doe for 
busines in August 1997, SRC is commercially marketing | 

new method of ienaifying produc with invite and 

iru induce matings These lneretched makings ae 
termed “compresedsybologes” 

‘SRC offs compre sybologes aa way to automate 
inventory ad eu warehousing cts ad avoid part shortage. 
Other benefits of dic par marking ae updating the pat 
isa in elie, incase et virwally 
100 pert, uaraecing parlemponen inte and lininat- 
ing pope bbc and racking paper 

Ne long doc company ave oie ining paper able 
label hata il ofa high par ot product duc oben, 
‘ol, ain, wind, and ke inosptabl ondions 

“The permanent digi dar marc codes work on practically 
any sure bet sel or metal ven plastic las, pap, be, 
‘Ceram, oer material. Compresel sybaogie can wih 
stand extreme ications of temperate, up 2.20 dees 
Fhrnhet and an ai How exzeding 18,00 mile ex hou That 
ithe eat od and pec asocated with a Shute ebiter during a 
sce min, 


Dinan of Spb Ranh Cn, Dead 
‘ay hp lappa pr eng 








— Marshall Space Flight Center-Spinoff 1998 — 





Pema die marin of rob eat 
‘Ponting and ad bp 

‘The cing technology provides upto 10D cme a snc 
infor aie bar coding arology inthe same ot 
space Markings can range in ste fom mere for microns 
(fea nizescopicly) tos age so ute ft (eal 
‘elcopicly), Commerc ues forthe new being echoology 
hound, Aecodig wo Donald Roxby SRC Direc. the 
‘marking astern i atacting a vared ieee with a range of 
commercial interes “Everything om dectoni parts to 
pharmaceuticals to ietock.” Roaby pore Heses 3 growing 
‘eal fora identifi ptm hat can be plas dey 2 
roduc, regal of that product shape, se, col, and oher 
eure. 


‘Adccl comes mates forthe making echology 
thse ben get. Ths inde outer tener that can 
be dicoyeed and temoved without replacing very Ener on 
the produc. Engoe pars can be acesely tacked during the 
roduc en fetine. Delete and epenive ims canbe 
aly and mote accuracy inventoried and pode aaiet 
thee 

"The growing li of cuore for haereched sol cdg 
already incudes major compe inthe atomotve busines, 
‘uch as Genel Motors TRW, and Borg Warner In the 
etc and semicondctor business sett, Hewlet Pacha, 
Intl and Motrls ar customers. Pharmaceutical supli 
John 8 Johnson, El Lill and Paske Davis abo we symbol 
ding on thee produc 

Quick soltne oe recon marking pooblens nt 
salable fiom the Symbology Research Center, Considered the 
‘mos advance 2-D pnmboogy seach nd devdopment 
lebortny in the woe, SRC nani the cones oe 
cpeccasive reals marking dane The ener hasan 
‘ageing Space Act agreent wih NASA wo furtherance 
{hir2-D technology Any goverment oe comme etny 
fn request atanceon pec reduc enieton 
[problem bysbraiting» problem asement thrgh the 
‘Maral Space Hight Cer Technology Ualiaton Office or 
ley hugh the SRC. 


— Stennis Space Center—Spinoff 199% 


Resources Management System 
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NASA and private industry havea history of working together to create 
new technologies that benefit the lives of people around the globe. In 1958, 
(Congress mandated that NASA technology and know-how be made acces- 
sible to companies and entrepreneurs searching to develop tangible products 
and services. These products resulting ftom NASA technology are then made 
available in the commercial marketplace. This section offers a variety of| 
information on some ofthese space-age products and technologies, also 
known as spinoff. 

‘Assistance to companies seeking to utilize NASA technology for commer- 
«al purposes is provided chrough the NASA Commercial Technology 
Neework (NCTN), a nationwide group of technology transfer organizations 
‘The variety of commercial technology activities conducted by the NCTN, 
including licensing agreements, research, engineering assistance, and funding 
have forged strong and successful partnerships between NASA and business 
‘over the years. Each ofthese unique partnerships serves as an icon to NASA 
‘commitment to bring space technology down to Earth, 

‘As NASA continues to push further into space and beyond, new partner- 
ships and innovations will continue o provide products and opportunities 
that stimulate and support the national economy, and benefit the American 











emodynamics ie dfined athe sea behind the 

face invohed with blood culation. Previous, 

monitoring chee foros presented coy and 
nyse procedure, bu because of NASA funding and 
‘technology, exc patent wete given a non-inyave monic 
thar gies acrirate das about cet erodyeamie at 
(CardioDynaies International Corporation (CDIQ), of San 
Dig, California has crested the BicZ@ System drough a 
Small Business Innovation Research (SBIR) svar fom 
Johasoa Space Cente, providing patients and physicians with 
1 eamelfetve and highly sccurste itoring stem, 

"The BioZ non-invasive hear monitor i based on 2 
technology known 38 Impedance Canliogaphy (CG). Bio 
provides the physician with vial information about the beats 
Bly to delver blond tothe body, the fore one ear exerts 
with cach beat, and the amount of ui inthe che. Specially 
‘esgnedbioimpedance seus placed on the neck and chet 
‘monitor 1 different parameter, including cardiac ouput, 
cantaciy, systemic vsulr reste, and thoracie id 
‘intent. These sensors moninr the lec conductivity of 
the body-—inforation thats converted ino ood Aow data 
and in dlplyed neal te on a monivrog sete, 

evil the mos elective method for soquring 
information about the mechanical functions ofthe her wat 
through pulmonary artery aheterzation, abo know 3b 








— A New Frontier for Cardiac Monitoring 


‘ightheart catheterization. However, this procedure is 
Invasive, tsk, uncomforabl, and often requires hospi 
stay. Became ofthe non-invasive nature of BlaZ, theme 
{formation can fo theft ine, be cbeained ina 
physician fie aswell sin a hospital seeing 

Recenly, NASA used ICG asa means for nding the 
fect ofbyperraiy on the cardiocular stem. Ogi 
tally ICG Was wed to monitor the eadie ouput of 
seronaus in space Might. the ime, ICG worked wall in 
Ira asuonauts, but had technological challenges to 
overcome in order o work forthe ling population who 
‘needed i the moet. CDIC made significant advancements 
including the addon of ie DISQ™* (Digi lmpedance 
Signal Quan) technology andthe Z MARC™ Algo 
tithe inctesing the accuacy and eprodacibil of his 
technlogy. The ICG technology cootinues ta be wed by 
[NASA for space reieatch programs becase of ability to 
produce hemodynamic measurements in an accurate and non- 

‘Bia-com™ and BioZpe™ ate rwo sional products 
that incoporite the sre senoes present in the orginal Bio 
‘per, The come in BiaZ.com ands for catia expt 
‘monitor Thi filly integrated sytem is esentally a smaller 
‘ein ofthe BioZ, combining the sare abilities with 
compl ligheweghtdesiga, while providing greater 





poral The Bio peisa PC-based monitor and has 
Fem designed for Inne integration. The information 
squire Gorm thetecwos in the BiaZ pei then sent vo an 
Internet database where can be early acosed by merical 
profesional, CDIC i ala anticipating the development of 
BioZe:™ which wil allow for hemodynamic monitoring in 
the patient’ home. While hs product ot ye rable i 
wil lie dhe sme bate techoology and enable the patient ro 
tranche data oh or her physician chrough a teephone 
line or email, CDIC' ongoing efor to slave the we of 
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NASA technology has shown remarkable gains in the eld of 
caiology and molicine. The BioZ 1OG technology ha been 
clinically proven o improve patent progness and to decrease 
‘ats, Wid ies proprietary ICG telnology the company is 
beta improve the way medicine i praca sound the 
‘world and help the medial commit bate the number 
fone killer of both nen and women—cardavavcular dese. © 

















— Versatile Vials 





mall Busines Technology Transfer (STTR) 
Funding hep create thousands of Ecinating 
beneficial product. Through an STTR contract from 
[NASAS Johnson Space Center, Advanced Fuel Research, Ie 
(AR), of as Harovd, Connecticut, developed an inno: 
tive produc tha provide sigaiicane oppor ina 
‘ait of ld. 

"AER developed anew sol-gel matral coating for srple 
saw be wed in suface-ohanced Raman (SER) specoe 
‘copy, Raman spectra consi fs wavelength dtibution of 
tend ha correspond wo molecular vibration specif othe 
sample being atalysd, In practice, i ase i focused on 2 
‘ample, che satered edition, or Ratean, topically 
‘lleaed and directed into a spectrometer. The spctameter 
then provides wavelength dipenon anda deter eonwers 
the collected phonon energy tno electrical sigea intend 
Due to the low conversion of incident radiation toasted 
radiation, Ratan specrscopy as cadonally been limited 
{applications dat were dic o perform though infrared 


gi ith epi sgh it 
engasomngprdre 








spectroscopy However, AFR removes some ofthese limi: 
tons with their new SER coned sample via 

"The sal-gel material was developed for NASA to provide 
‘eace chemical arly capabilites, and cont of ler 
‘eanopatce embedded tn a pono o-gelglaa, The new 
‘mate incentes Raman satering by one mln des, nd 
‘ometimes moe. Each SER vie coated withthe SER active 
sol-gel matcil, enabling ito provide molecule structure 
‘information, Ths patented ceting allows researches wo 
deny and quand chemicals at part-pertlionconcenea- 
tion levee 

“Toe the product, solution containing the chemical 
tb tse i injected ita the via The ene vis chen 
placed ina Raman epetromnete for analysis, The resulting 
{eamurement cones of the wavelength diribution of bands 
ina unique poten, which eats specially wo the chemical 
being ete, enabling simple identicaton of chemi 
Biochemie, and pharmaceutical, 














NASA projects aplication ofthe sol-gel coating echnal- 
gy foe aaitorng water quality aboard spacers and 
‘strona heath through body Hid analysis. The technology 
provide uch improve advancage ver radional analy 
toethods hat ic wl be usd ina vary of ide 

"AFR bas uncovered numerous commercial applications for 
the vi, Inthe ld of biomedical and forensic aience, the 
‘ue vial ae used vo dently physiological chemicals 
preset in bod and tin. The vil are sed in the pharma 
‘cial industry in the area of de development and 
scovery In che drug enforcement fel, using the vs helps 
‘with detection of trace amounts of drugs on staces, The 
‘SER ins wl alo lp to deni contamina in water 
ures, such vaio inorganic and pesticides 

“The new vil have advantages over other SER materia 
Forme produc requied that snple be promized or 
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ial into specific solvent or reagents, The SER vis do 
‘ot have dhs imitations, and measurments ean be pe 
foemed using any selene. Furthermore, che sige peat in 
techn one second, The sol-gel material wll ay active for 
a eam one year and the vi are compile with any Rarean 
‘spectrometer, Mout importatly, the SER actvty canbe 
plicated from vial tovva allowing fr reproducible resus. 

"AFR i proud w be the only provider of» commercial SER 
oduct. Ara esl of ntl sles ofthe SER vila the 
Alevelopmient fa proce Raman analyser, AFR formed new 
spinoff company: ReabTime Analyzes, Ii the risen of 
‘ReakTime Analyze to provide iv unique trace cherie 
analysis copies ovatious induc. 














— New Technology Sparks Smoother Engines —— 


and Cleaner Air 


ecmosve Resour, ne. (ARD of Sanding, 
sto ha ereope a nce device fg ing 
in engince—theSarPlag7 Wath sane mn 
Sall Busines Innovation Reeth (SBIR funding sc 
NASA JohnH, Glenn Reach Contr, Mark Chery, 
inventor ofthe Soul hes elated he boca 
soak pig, 

‘Smurf scone ignition em that may be 
soft 0 etng scan and compton 
{pation engi The techoloy bend the aig ia 
Dreclanbercntining 2 cc heig denen, whee 
[fain sare, Asal nce of fede are cme he 
dea wre iced by a ty beted io gow pag 
“This proce ery nro rafal le were, 
Ale te dil oye the Sarg does wor mp ey 
ompeation bt low pag wat of cobasion, The 
Srna needs ts wane of power Gr as, 
and ep no cy ara when the caine nny 
UUltetnditonl apa lng, nce he Sarg pie te 
agi, andtheegine beat up che poe up che 
plage ao longer ncn. The Seca becomes el 
fusing 

Sigs cam be wt na aly of inden Fer 
campo a tel nds they cn be edi cor, 
porable peers compres ah pene In ation 
(pscrd prpre pplication, nh tm owes and 
Sait, SearPng ca alo be eed the cations 
teate sain, douse nde, 

Aang ofthe SarFagigutin opti ae ume 
cut Une aloes ition ee the Sang em 
‘cua no cbt, cl polo mevig pas. The 











seyoliionry atm, which ha the aly ngs vasry 
fais no dation othe cing engine 
SranPhagy a ot-folng, ith ser and eer bam, 
than toda pa pipe They preven detonation and ae 
bot euhive to motte, lowing them tobe wed oo 
{ate of egies, Ober abana inde no decal 
‘oe na igh vl, xeon high nue capes, 
ad beer colt art aisha thee of sacar spark 
De Foes Bnd famed aisefinvent fen Wh, 
‘olunteed eo etn che SmarPig in ican 3 
cafe De independ an ince of 20 pn thraghout 
the fight and soncahencene a engin oorhnes 
“Tats done by AK in coloration wih NASA Glenn 
‘Research Center have ied sar re, with the 
Seung producing spilt weck hocepowe ad 
rhe bent, Wa dow this ean forthe raion indy? 
Forone means smoother more fist in sicaitad 
lene cisions And bcs eanlig nope tng 2 
ey of fie, a move comefecve meat ofa tardies 
pamile 

Turtresppllcaions forthe arth ae being eked 
ty manures in the mowed tin 
‘doco al pllon i aes sch a Yelosnone National 
i The Eaveonmensl Poecton Agency (EPA) ie 
intrated i th SarPlagechocogy heat prey 
‘elce esinons by ensign engine eran ont alcool 
sod ter irre, otead ofan nd ga mise The 
"EPA bat given the snowmobile manatee unl 2005 co 
‘ele emis proce by chi machines Mi Chery 
SmarPigechlogy bathe silty to produce cleaner, 
smoother running egies eich nr wl uppors the 
tcognng cos far ane ae © 
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— A Powerful New Engine 


nora foes Mller Intentional, of 
Davis alfoenia wl make engines ener 
sd ore ficient. Through Small 
‘Busines norton Research SBIR funding om 
[NASA Glenn Research Center, the company. 
corte new contin for oy engines ted for 
‘edu pplicons, water, ad oer 
pefomancederanding machines Ths cotngs 
‘gpicnly ingrove the fe connunpin of « 
‘hil while reducing enone. The new ratings 
1 ole i the new Roxon engine, whichis 
rode and dbus by Molle subi, 
Feeds Motor Ine 1 his innovate coating 
tha all the Rotpower engine ofncion 
seseoker than the model ein wea nd 
ptetng dhe caine, 

“The PS200plsm-aplicd gin coming wat 
developed st Glenn Rech Center The engine 
tact unig ptn redesign shat ncorporates 
thi advanced rotor cntog which ie ppl vo the 
botting of he engin and serves ord olin 
sent aed trove hema iene. 

"The Rerapower engine hs the alin opete 
on vaya fa indading gute natal ga, i, 
Seaton keoese. Type mow engine ae pon 
dives and operon unleaded uatine, bur the new engine 
‘se be nly adapt wo eon action conan erative 
ke with oly aioe ajc 

Asal an weg engin, projected wo epee 
snany of tay ir ven. Intl sale an 
lighter engine mess le energy to move a weil oo 
spent machinery cig in ted fe Te demonstrate 
{the 1 hoaepower model fxn the palm of ones and, 
‘il the 10 hosepower models nts Salon bucket. 

Ao unig oe Rtapowe age itso outber of 
‘0a orig pat, which son roles Baings and ma in 
toe crcl dveion. Ths cea siplciy rela 
‘iraio ad mapper engine Bceny. The oponal module 
Ks only ane moving pars hat hercpwe xs be adil 
‘without incresng te comple aocned with pic 
Tolifcation Kin Another unique Fn of the cogie i 
‘Sarg coin spb, whic ee the need for cooling 
components ch 2 pumps, gular, radiators and mor. 
‘The orginal and eftcrv ements nate aot engine 
persion eading lng engine fe pan 
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“The dean unig Rotapower engine is environmen- 
tally appealing because i climinates over 98 percen ofthe 
tot esas given off by tinal piston engines, 
Fewer pollutants ze spewed inthe aig, making it 
‘cpecilyanracive in areas whet i palltion fsa major 
problem, Due to the lean-buring nut ofthe engine, i 
tees che arngent standard set by the California Ae 
Resources Boa 

“The engine sli hat mero commercial benefits in 
several types of recreational, indus, and wansportaion 
ppbcatians, induding personal watercra, soowmebiles, 
Potable generar, and puns. Though the efforts of 
“Molle International and Glenn Research Cente, the 
Roeapower engine will continue ro change the feof 
‘engine powered products making them cleaner. cheaper. 
and more efficent. © 
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FAA epulaions become more demanding sition 
IN Companies mus ind now wap co center 
roduc Aertel, Ie (ABD, of Kemah, 


“Teas, wat looking for away to cane che sey of es 
caster by developing a thorough tet sytem for aviation 
retrain ata, Previous sf reraine ent enethods did 
‘or propel measur the lod daibution placed on the 
rtrits, eaing an unknown For in meting ery 
staan. ABI needed to improve ie esting methods and 
“pate ett equipment. Through pareership with 
[NASA Johnson Space Center Technial Outeach Program, 
the need wat ent 

‘Aer looking fora pre-made testing machine that could 
mee ther equiemens, ABI personnel covered that, 
anything purchased ofshe-ahelf would have to be totally 
‘vehaull in oder o obtain the data neceuary to give 42 
‘hei customers Norman Ballad, vce president of ABI, put 
‘ut all for help to Johnson’ Technology Outreach Program 
nd wed ban aloe immediatly. 

“Johnson contacted ABI w discus it facies, standands 
and require vet dat. ABI was then invite vo the Structural 
“Tea Lab where NASA personnel demonstrated the teting 
proce for eer on puachutes that ae going wo be wid on 
‘he X38. Because the safer of astronauts can hang onthe 
‘aly ofthe vthers, they at ested epetedly for durabily 
nd stength. The tet systems wed by Jobson wo evant the 
pesformance of the patchute eens wat exacly what the 
ompany needed to et its salty bles 

"With the aistance of NASA enginer, ABI developed a 
hydraulic tex eye that provide the consumer with in- 
depth data our the lad placed che etsna systems 
‘htoughout the dation ofthe test. The old syste were 
only able to detect ifthe bel could wai che applied Force 
and couldnt target the problem of providing land data. In 
omparion, the new system modeled afer the one sed by 
NASA, can collect das thc el cxcly what went wrong, 
with Bele that break and why. Depending on the est 
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— Good Enough for the X-38, bur Made ———— 
for Commercial Aircraft 


requirements of various rena components the sytem cat 
cae s subjected force ang rom merely ew pounds 
thoutands. The wat force can be applied to an entre sfery 
‘estrint sjtem orto is individ pars, inching, itching, 
‘webing and hardwate 

“The new test system slows load tests to he conducted in a 
quick and ey manner The preparation die forthe vst has 
‘been minimized and al est das i now computerize, Alo, 
the safety tothe operator has been improve, Previously the 
testing appara had no nears to prec again ying, 
debe eling fc breaking bel. Suggestion frm the 
cnginees t Jason, ll to dhe adion of protective wall 
{ta shield the operator. NASA know-how allow ABT custory 
ce to recive restnt systems chat wil ensure the safety of 
pasengen on all sors of ites. © 








— Lightning Detection in a Flash 


hundernorms may lay emai an erat and 
‘unpredictable force of nature, Ualortunatly, when 
Tighsing eis serous damage can ocoue, Thi a 
be thocoughly anabyaed and presuions must be 
taken—epecally when muld-illon dollar vehicles, wich a8 
‘Space Shuts, ae a In a joie pojet with NASA 
“Kennedy Space Cente, Global Aumesphericy, In. (GAD, 
paticipatd in the upgade and commeralization ofthe 














“The new produc, known as LDAR His targeted for we 
by aly provides, aviation companies, ports and 
comamescial pace vehicle launch facia. Presenly,fotecat- 
Ing services, research fits, and suly company are wing 
the system, Weather frecasting services we LDAR Ic view 
the height and horizontal extension ofeach ightning fash. 
‘The LDARII antenna consists of «Sibert lightning mat 
sgl processors that provide dats toa compute. 





{png Deesion and Roging(LDAR) Sytem, Under 
See Act Agent GAT an Renney pet thei, 
<tlopment fnew LDAR yen tht tec the ee of 
ith NASA an priv indey 

Kenna Su Coser perf 75 thunder das pet 
yes ing waning ae mci new cpl ie 
Te mt man fame NASA weeds em that 
could intr usta mein od mesa ar 
(rsd win ming the ay of pep 
Pepen Ton rending drogen we tse 
Ephsing ppg sen. 

NASA opt ee dimenonal LDAR sytem 
ef demomisiog coe ason uname rc ad 
‘oa-wclud liging Ths donc though he ani! 
‘hr emctaninl uns of dermoegare pes The inet 
trrcllced ming ares same iced erund de 
‘ioe hr dee VEF ron, The elected das then 
ap gcd nthe mentions nd arin 0 
‘ke Wate Sguaion 45 Spe Wig aie ore 
‘Bu, Satie Beach, eva and wht Nal Wether 
Serer poe at Johnson Space Cente Tena ain 
Moun, Hori They te the das wdfn te eine 
td vce ene of fe penta ighning baad for 
‘he spuce progam nd Cone la GA wa ale woe 
tie menor oppo pd peices of cope cat 
could rodeos posit ili eee in 
Son wale, and wade good ching bee 

‘GAT te wees pee anafcueof igning 
dein sd loaion eine, proving vie © 
tamer over 4 cousin, They alo rea one and 
Spertor of he US. Naa Lihing Deion Newer 
(RDN), Wiese NLDN ial ro lo chee cans 
teach cloud a, dacs ot lot od and 
ete doud fhe. 

Under the Space Ac Apemen, GA contd ia 
sth of prince carn pod igen 
“orem ging mapping ston ued by NASA Pov, 
cool tne only ple cf lecaing eho 
{pound ighng The wulng innova allowed GAL co 
Fst he LDAI yon fr tomers, The 
Sued reduc hate liye mer loud ed 
loul-o-ld lighting, Neal improremens ane sho 
teen mc th eet oon etary and ied 
pas 









"The wer ean then interpre the dsta,analyar the ks, and 
‘ake the necessary precutions 

“These are aiussfey 
Ibenefeascited withthe 
tie of LDAR IL Anny, 
lighting kills more Florida 
cise than anyother 
‘weather hard Irs hoped 
that the widespread use of 
the LDAR stems wll 
reduce thi sort of aged. 
For example, the National 
‘Weather Service used the 
technology to aie with 
‘weather fovea ding 
the World Olympic soccer 
tournaments bel ia 
(Orlando, Flvida, dating 
the summer of 1996. 
‘Without the projective 
copa ofthe LDAR 

em, thousands of 
tpectaors could have bees 
‘laced inthe path of 
terous injury with 20 
Torewarning ofa pouible 
lighting sik, From the 
protection of people 0 
Syuce vehides, clecie 
‘mspnics to launch pads, 
CGAL and NASA created 2 
technology fal of 
and operational benefit. @ 
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rough ening apremens herve NASA’ Anes 
Resch Center snd Midwest Indl Supply. ne 
(N45), comes new develope 0 make rains 
and mor elble daring wintry condions. MIS bn 
ten the ending provider of dicing and antiga wed 
oa aly ates fo ore than 20 yar Through he 
Temi geen, wo MIS prod have ben enna 
with NASKEanicing Mud techno. 

“This NASA ecology wa designed specially for we 
an antici and deing agate a lee and envion- 














—New Fluid Prevents Railway Ice 


mentally fen, biodegradable Quid chat has proven its 
‘apabiles vera broad ange of ow temperatites The id 
ital non-corrosive and wl at damage the ralwaye when 
splice wo we withthe clececalwitng sulted 
‘wth railwayy, because itis nar conductive. 

‘MIS ofers the new ud in wo commercial products the 
“eso Geavty™ Thied Rail Anti lee/Deicer andthe le Free 
Switch ® Using NASA uid technology, these product form 
2 proteesive-coatng bari hat prevents the buldup of ie 
te snow Applying the Bud vo the rallway components plor 


ig fre St @ nana 
‘i Ze Gay pep 
ay fend ie 





‘occ or snowstoem woeks an antiiing uid, remaining in 
place eo mele precphation ait hits the fice, 

abo funtion’ a a dicing fd Wf spplied vo a already 
owen switch oe ral ie will quickly mele thee, fie the 
‘fozen parts, ad then remain in place wo preven refering. 
‘Adiional benefits include the bility to cling to vertical al 
‘faces and pes the elec of rain and wind 

"Manually cing ren itches can eke an ent lew 
several hours With thelr Fre Switch, i eakes only five 
‘minute to weat the switch by spraying brushing. or pouring 
(on the product. Ie Free Switch equines tine ss ane gallon 
pet itch whereas ther dicing ids require ve owen 
falls of iui to ffecsively melee. 

Zee Geavty eres the ete ael-cing/decing purposes 
‘bu applied code hid eal through a syste thai 
xl ntalled onto eas trans cat. tank of uid and a 
<apenang sytern ae placed underneath che ain ca and the 
‘di applied athe rain run is route. 

“The id eves no bild-up, doc at become tacky, aed 
will not eye exceatve residue onthe application ste ao 
‘woe as lubricant to hep rls and switches operating | 
smoothly. Due wo thee beneficial enue, she ud ea be 
[ef unattended for an extended length of time ance i has 
een applied This is igtcant bene comier he 7a oe ich @ ne Ze Gny™ 
teting rail onmponent located in emote tet. Bie fedirinsiyaprrenpirmir ine A 

“The Hud i efecrive in temperatures slow 38-70°F, eRe aplenty mae ly a 
‘which it an improvement over the we of heater, Heater have 
‘woublefanctoning if wemperatures ae suber, and they 
Ihave high rats of energy-coneumption. Use f the new 
product has relied is fewer instances of lot power and 
stalled esns. Moet importa. passenger can tavel aly 
Sd with ewer weather cate delays 

‘MIS is imps with che eu ofits enbanced produce 
{for ruta operations The company lok forward to 
expanding it product to solve ilar problems in other 
Incustsien Many new applications wil likey be found for his 
‘ematlabl ud fo the space program. Irecetaccser 
sean indicator 3 smooth side moving the and-icingtechnol- 
gy forward is asused. 
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— Cyrano “Nose” the Smell of Success ————— 


rane Science, le of ataden, California, has 

eomerciaied scp, acurte, now-invasve 

tol that enables “machines to smell” NASA Jet 
Propuldon Laboratory QPL) funded a Cafornia Inet of 
‘Technology (Caltech) projec, which resulted in the ection 
of technology wed in the “Cyranose 320." The Cyranose 320 
is used fr gusty conta purpose inthe fod and chemical 
indutie, NASA further developed Caltech technology and 
jnconported ic into aunt that monitors closed human 
habitus ach athe Space Shut, wheres mut be eeyced 
Eatly detection of spills or lak is exentialn onde foe he 
space crew to take immediate action and remedy the stu 
‘on, Caltech te licensed the technology to Cyrano for 
‘omimersiation, 

Using sensoe sry and onboard paernrcngition 

algorichms, che lightweight, portable devie works by 

exponing an areay of 
pelyme compare 
tensors tothe chemical 
‘component ins vapor. 
‘When the ests come 
in contact wih the 
‘apor the polymer 
expands ike sponge, 
‘anging the reitance 
ofthe compote, The 
‘ange in eistance is 
‘eatued, and fom 
thar enerurerent the 
pretence ofa pre 
‘tuned absence i 
‘deemined witha 
(quick and accurate 
dagpesis. 

“The Cyranose 320, 
tequse a onetime 
‘tuning sein in 
which the we exposes 

















the senso 1ocach ope of etnple that wil be encounered 
luting tetng crating a base-group ea which all care 
samples will be compared. The ramping ate invales pacing 
the ip ofthe device near the sample and simply peg 
“Run” Ale referencing apor sampling, tensor menuring, 
aed daa proceing a all handled automaticly and wake 
‘oughly one minut wo complete, It mnches one of the pre- 
trained samples the une reports the identity of the sample If 
the unit does at recognize che sample, an Tunknowa realing 
is jven. The uni atamaticaly res iself and che polymer 
composite sensos rerum vo thelr tiginalresance 

"This teatime, porble device enable food compan 
spot tet a matt fo batho batch conltency, 

spoilge, ot contamination. The Cyranse 320 is ao wel by 
‘emia and petrochemical companies or quick aneament 
ofthe chemi am atocnted with vations industria, 
procenes For crample profiling a chemical envronmentin a 
Erandos mate anion allows emergency crew 
curate elect ie earls, containment aan, ad 
protecive ea. 

"Fuse sppliaions forthe Cyranse 320 ae fst growing 
snd her ues of his tecnology ae on the horizon. For 
cxample the digposs of deae olen sis on invasive 
texting method, ebjectngpatens vo unplerant procedutes, 
‘A oa sich 5 the Cyrano 320, will enable physicians and 
dentin to provide immediate, accumte dingnots of chemical 
‘emaponents and microorganism in breath wounds, and 
bodily uid. Welch Allyn, one ofthe works mos respected 
medial device matfscrsens, i patneing with Cyan 
Sclence 0 develop dagrantic produc for primary cate 
providers Inthe aca fur, unpleasant procedures nd 
Foapital says may become le frequent. Bete of Cyrano 
Saznced technology simpler, let invasive diagnosis may 
only bea rip away to your physicians office, © 


then aipanes reach ering atu, the hgh 
speeds and low temperature ofthe ait case thin 
Llyersofieta beg forming onthe wings. ee 
fa present an icreatd ery st the raf and 
pastengers Thane to an innovation from NASAG Ames 
esearch Centr this danger could one day be liinated. 
‘Ames patented the Electro Expulsive Separation Sytem 
(ESS), whichis now licensed to le Management Stems, 
Tne. (IMS), of Temecula, California. 

-EESS is an aierafiee removal tem, approprisely 
sicknaed the ice upper" According vo the penciple 
inventor, Leogard Halim, "kc pulbers ie a remover 
layers of leu hin as Go ora chicka an inch of ane” 
“The EESS corsa of lye of conductor encased in matei- 
als ac ate bonded dive othe aiframe structure. When 
fee accumulates on the sircrafy, an dectsic caren is sent 
through the coductrs, casing ther ta pu. Eventhough 
the conducts move lew chan a ewenty-thowsandch of an 
inch in jst a millccond, the movement i sullen 1 
pert the ce. lie his highly aceeerated motion dat 
hatter the ce int pases th size af table al; too all w 
beharfl vo theatre 

11995, Richard Obon, CEO of IMS, st inodaced the 
tee rapper ino the private actor, He has cnc made improve 
‘ments that have pal of wit recent eles vo TRW (Thomnp- 
soa Ramo Woolridg), who purchased che technology for wie 
tna ev line of planes. IMS envio a varity of tae for the 
BESS technology inthe arespace and aurmmrive industries. 

“The EESS aio offs additonal benefits beside the unique 
ability wo dice plane while in fight. According o Has, 
"Thee rapper uses one-chousandh of the poner and ie coe 
tenth ofthe weight of electrothermal ce removal yates 
ted vday” Using le power means that opestng cots te 
lowe, whe the Uighter weight tanltes into needing les 
enesgy to propel the alta, eauhing in even farher cont 
‘elton, 

‘When compare with other ratens in use such st 
thermal deicer and poeumatic hoon, the ie rapper docs ery 
well Thermal deicers rely common, alhough they se 
‘enormous amount of energy and pent che pomibliy of 
ice refering. Preamatc boot ate not alwaya effective 
becane they requite a inflation device that wale vo work 








— A Cool Tool for Deicing Planes 


‘unl a quater inch of ce as accumulated, With both 
tata the ce thats ootened ay til be age enough to 
‘hase peobfern forthe plane once dlodged. For inane, 
just one winter, 26 F/A-IM airplanes were seriously damaged 
‘when dasble chunks of ie entered the engine air having 
been emoved by poeuinatc boots. Became the EESS will 
‘tedc ce eo auc tiny partie, the ance fo thn type of 
‘occurrence ona plane tsng the technology would be very 
ull 

yen though EESS ha clear mathe inthe aerospace 
industry, another potential se forthe EESS iin the sutomo- 
tive sector. Specially a modified yrsion ofthe ce sapper 
‘ould be fied tothe windshields in car, making the ned for 
ice sraper and other cumbersome methods obsolete. The 
astomatve applications may be Further explored in the 
are, but fr now IMS i sggresively working to demon- 
sate value to stcrafe maguficuress. 
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—A Lifetime of Shine 


ha do She jt silico chips, an plumbing 
fiatures have in coeamon? All incorporate 
pechion uric engineting technology to say 
‘exinate under high-pretesnsions, Auitance fom the 
[NASA Glenn Research Cente, oeated in Cleveland, Ohio, 
Jed tothe development ofa new product fac ane af the 
‘world largest commercial plumbing manufacturers. Ohio 
tited Moen Incorporated identified market ned for mone 
rable polished bras plumbing fixtures. NASA Glenn 
Research Center ie a ender in atric costing technology, 
‘which enkunce the physical properties of «wide range of 
Irate, The collaborative ffs of Glenn and Moen 
‘ested in new polished bras nih called LieShine © 

revit polahed bea wat not popular in plambing 
{iasutesbeeatse ofthe nes short fe span. Onna, 
polished brat is sof, corrodes easly and is somewhat 
‘expensive. Although bras atures re very atrative when 
‘new they quickly lose laser and show sign ferns, 
‘aking and dolor. 

[NASA Glens Eleco-Physis Branch worked with Moen 
to identify depose and craluae various abrasion and 
‘trovine-eane coatings, Ths procs allowed eeatchest 
te evaluate and vine the tanto fom the Iboratary to 
‘commercial production and provided a siguifcane advantage 
tw Moes avoiding deal ends and coy mistakes that could 
tave hindered the projec neces, 

Bie on testing snus generated at NASA Glenn, Moc 
‘wat able to manulactre an alflodable, polished bras ish 
that isa durable ss chome, and resists deterioration, 
[LifeShine is puaranteed tore nonmal wear and var and it 
ven srtelveeieant wo cleaning produce a abrasive a tee 
wood 





‘nd peri Dip ni Cpe 
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Mer Pr Tonc® ApS Fle Wa Dien ed 
‘Mow Cea Spa Ft hin Pad Bs 


‘With futher developement, Moen ws able to incorporate 
‘ther colors into the LifeShine Bish technology including 
‘asic pod, nickel, Satine™, Black Opal™, staan and 
‘oppet In an elle to improve dhe quali of new echinal- 
‘ogy the company added tania to LileShine, making the 
Eich even atonger and increasing it beady superio 
<urabily Highly resistant to sland humdi che LfSbine 
fish wil emia inact even when the Fane l dented, 

“The putnersip betwen NASA and Moen euled inthe 
limination of ently development fre for Moen. The we 
‘of NASA flies and the pariipation of NASA researcher, 
‘Slowed Moca vo avoid sigfiant research cos and delays in 
the development ofits new produc line. According to Tita 
(O'Brien, Vee President of Technology for Moen, "NASA 





aitance helped our company increte mahet date ata dine 
when feign competion were knocking at dhe dont” 
[LifeShine was aan dhe 2000 ASM International. Eagi- 
reting Material Achicveimene Aad, recogaizing Mocts 
‘cutanding developmen in the application of materia in 
product, © 





for aocng and dling ehanil power in 
indus consumes, ed ne equips Kase 
Cibaed Spt, Inc, invented nd appli shi 
‘echloy for seo the Ietematonal Space Sain, wih 
sistem Wyle Labora of Hoon, Tey, and 
'NASAS Johan pace Center NASA techies and 
funding helped to develop the “Resistance Exrce Device” 
(RED), powered by SpiaFles. One of he pinay rans 
NASA tested SpraPex i that it dpi the enti of 
freight in lightweight, pore, and fea 

Dang spacelight, che masculkleta syste of the 
tums body undergcs changes in respon ta mopaiy 
cavionmen. Annas can lve up 19 prea of thie 
one ms daring spceigh of fous six month, This pus 
ssa ng ta Exch raving on Mara 
dada. Alchogh the ells of trophy seem xily 
teenth lfc of lngurtion pusigh ae nt yt 
pan 

“The RED stem presen aboard he oteratonal 
Space Sato 19) and swe by the remember a2 
inary enue oir moseloklel dgradaion 
[Stel by mic. The ISS Expedios I ew completed 
oer 30.000 exci espettons on the RED during the 
1-day isin. Upon stun o Earth, the stoma wee 
able walk ifthe Shit nds ther own power, 

Spires chology wes propeicay cane om 
pounds that ar molded ive sang of patented shapes cle 
Fac. which cat unigetoniona ratance 
rope. These FleaPucks may operat alone, oink in 
fated or sei to ouput deve sch pulleys or 
‘anenons, Ths pied confine soe any 
force uve o be achieved by maniplting the ifthe 





S| pital is revolutionary new patented technology 














pat, number af pokes, durometer of elastomer compound. 
‘umber of connected FleaPacks, and manipulation of ouput 
device of wanmision 

"The power to weight rata of this technalogy i appro 
nately tre times the power per pound of eaional te 
spring. Another benefits ile cyl haf surpass any 
‘ther torsional pring. The FlePacks were eyed at fll 
power wo oer 25 milion eyes, without ilar o appre 
‘tbe degradation ofthe force curve, which aver ea times 
the life of tee springs in similar apliations. In addition, the 
‘lexPack are non-corosve and non-conductive 

“This techaology provider ateyof benefits for anyone 
secking 3 welleratel, high rae, stength-aning mache. 
(One of he moat ateactive benef hat the uni ight 
weight and porabl.SpiraFlec technology is inexpensively 
‘manufacture, eal asembled, and quicly operated because 
‘ne meal prs are tied. Recogizng thee benefit, and using 
Spies technology Schwinn Cling & Fenes ne, of 
oulder, Colorado unched an international Bune program 
forbes cube aad slee rel dtibaor, called IPP 
(esitance Performance Program) RiP isan exccae 
[rogram that ues RUPP Pro machines, powered by SpitFlx 
‘echnolog. The program generally consis of «45-minute 
sesstance-training seton, taught by a ceried “RUPP 
(Coach tha ofespaticpant 3 motivational proupexecae 
samoaphere 

‘Whether inthe gym or on the International Space Sain, 
SpiaFlex technology is helping people lead eather ves. 
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—The Best Workout on Earth, and in Space ——4 











then patie was fist introduced, people were 

acted by ie poses. They watched ata 

‘ew material evlved and exendad ia applicable 
tes into thoutande of faces of ur daly ves. A new tech 
lg known 2 the Liquide ally ithe esl of + 
projet funded by the Califia Insiut of Technology 
(CalTech) in conjunction with NASAS Je: Propulsion 
Laboratory. Profesor Bil Johnson and Dr. Atkan Peker of 
(GaTech dcoveed the mater while wodking ona etearch 
projet in 1992. Industry profesional believe that thie 
invention will change the way the wold thinks of vied 
‘metals to the way plastics have. 

“The Liquide alloy ic pare of an entirely new lat of 
vitifed metals andi lio known a metalic glas, ot 
Viteloy. A vuifed metal ica fonen igi chat Bl to 
ceymlie during solidification, unlike common metals sach 
2 tanium, tel, and alumioum. Essentially che ecology 
takes dhe now ryralline erutueof gle and combines 
with she properties of metal 3 combination not found ia 
ature, allowing for» prc har fers the eng of a 








Te Ligeti ily of fos 
wptd pln abn de he ae 
‘neko Liquid chs 
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—Teeing Off With an Entirely New Material—# 


‘mec with she dance fs polymer This unique rchnalogy 
‘mote chan oie ar atong at danium and hata higher 
latin, 

“The fundamental echnolgy behind the Liquide slay 
‘owned by CatTech and is exclusively licensed 
Liguidmetal® Technologies of Lake Fors, California. A 
spinal rom parent company, iqudimcal® Golf presents 
this spaceagedevelopenent ina complete line golf clube that 
ae changing the fc ofthe game, 

“The unique technology is an innovative blend of tani, 
sitcom, nickel, copper, and beryllium tha allows for 
properties not achievable wth other mateial Ix more than 
fice at ston stan, highly resean to deformatior 
and has ao weak spor, providing for amon total energy 
ttande.I s aluomovecomforable toute that a tandaed 
golfclub. When compared to eter gol cubs om the maths, 
‘ub made with this technology hate a lower vibration 
‘esponse along wih asofies, more sold fr. Because lee 
nergy is absorbed bythe cls head upon impact, more 
neegy i ranted diet to he ball 

"The increned energy eral can als be acrid tothe 
ate lack of atm aliens. Other metal used in golf 
club are aligned in recuting prter. The sections where 
‘these patens euch ae known a grain boundaries that lead 
te th abweption of energy ss opposed vo ts trans. 
Ligudmetl ally toms ate not aligned, therefore no 
‘connecting patterns exiee—conseqendy, golfer can ive the 
bal looger and straighter han before. Presently, ches unique 
club are used by some of profesional gels top players 

‘Vieeloy was designed for the space program snd is wed 
shoatd the NASA Gena spacecraf aswel a numerous 
‘Suttle missions. NASA wl io be using iin the conarvc> 
tion of dail ha wil help seronaue search for water, 
beneath che surface of Mar 

(Ofcourse, Vtzloy alo has other potential commercial 
wes, For the recreation indus it means a whe wave of 
Improved producs in sporiag equipment tennis racket, 
bicycle fame, baseball bats, and thelist goes on. Because i 
alto biocompatible dhe mati ay Gnd applications in the 
‘medical industry for the manubituring of surgi instr 
‘ments and peouthetica The Liquide alloy i projected to 
‘replace may high perfrmance material such tania, in 
‘any dive applications, Thee applications indude 
‘numerous opportunites in the industries of aerospace, 
Aefense mileary,automotives, medi instrumentation, and 
poring goods, ® 








‘ies tna a 


— Learning That’s Our of This World 


ASA Ames Reeatch Center developed 2 anid problem-solving lla very yalusle asses when 
euriculum to educate the space explorers of ‘xplorng the Red Planet. Afterall witha manned mission 0 
tomorow. The Mars Virtual Exploration CD-ROM Mat anticipated for acy s+ 2018, day srdents ate 
‘esl fom the effort ofthe Educational Multimedia Group tomatow/ssronaus, cxplarers, and sient. 
in the Office of External fs The CD-ROM is exclsvely 
licensed to Modem School Supplies, Ine, of Bloomfield, 
or decades, humans have been Eacinated 
by the mysteries surrounding Mars. What is 
ile? Was cher ver ie? Wil we ive there 
someday? These quetions and others 
Inevitably aise whencer the plane is 
dlacued. This new learning resource 
presents soe potential aniwes to hese 
‘questions and will undoubedy help ca 
‘utvate an eagernee vo eam ner about 
‘Marsand our universe 
“The CD-ROM alla students ta age 
they ate residents ofa scare tears aan 
advanced lacy divided ito four diferent 
domes. Sadents experience how sents 
approach planetary exploration dhicugh 
interactive execs in ExoPaleoatlogy, 
“Meteorology. Exbinlgy and Voleanolgy 
(Once the students hae earned the ict and 
bhavecontlted with the experts the select 
potential landing ite Using 
(QuickTimeVIE™ sofewae, he student eta hin Vl pon Ein 
360-deyee view ofthe potential landing erin. They are rns mal pp eg et 
then abet vewally explore the four aalbl sites and sleet Soe Red anc 
the one they felis bes for conducting rescrch 
"The Mar Virtual Exloraion 
€-ROM comes complete with a 
printable eachers guide and student 
Faghook These bons tals provide 
ditional concent and ccd or a8 





‘many a 15 lesons and serve a 
enhancements wo there ofthe atest 
presented 

"The CD-ROM is designed eo trget. 
the interes of fourth chou eighth 
trade cudents, Modern School Sup 
ples Ine. now provides sudents with 
‘his opportunity to lear about Maes ia 
tm interactive handion experience that 
equines the we of thee rial hiking 


ya fc 
‘nou conc aa 
plane fe pe 
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ero represen what technology pers couider 
the best nsultin material ever invent. I weight 
viewallynocing Ws exible. Ie’s wansluent. And, 
ita hol up under emperatars of nis 3,000 degre, 
Fale. Acrogel have unsurpaste thermal insulation 
‘alc, as wall as sound and shock absorption characteris 

Ts proces seating in 193 with s Small Business 
Innovation Research (SBIR) contact fon NASAS Kennedy 
Space Center, Aspen Systems lnc, of Madborough, Mate 
chases, developed an arogelmanuficzring proces that 
won the company the prenigious SBIR Technology ofthe 
Yaa Award for 1999, in Manufacturing and Materials, fom 
the Technology Uslstion Foundation Since receiving the 
asard,Aipen Systems has launched Aspen Aerogels,Ine—a 
spinoff eompany tasked with commercializing arrogel 

‘Acroels invented over 70 years ago, ae extremely eagle, 
hard w bande, and col wo manufacture by wadional 
means For these reasons, the commercial industry found 
Alife co produce products dat incorporated the atta 
However Aipen developed a eveluionary manufacturing 
method tha et production time and costs, and solved the 
Iandling probleme anocated with aerogel-baed ination 
product They ean ow be manufscruted inte blanket, hin 
sheets, beads, and molded pars; and may be ransparent, 
‘eanlucent, oF opaque. Due o thei extremely ight weight 
tnd olen andcest appearance, scrogel are ofen called 
“lid wmake” 

“Aspen responded to NASAS need for Mlesbl, durable, 
captorusearogel sytem or eryogenie inaltion foe Space 
Shute lunch applications. For NASA, the final product of 
‘hiclow thermal conducive system, Ceyoge @ wat well 
in aplication auch at launch vehi, Spece Shute 
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— Acrogel-From Aerospace to Apparel 





A he gh hn a a tin 
fred ole Fou me 


‘upgrades interplanetary propulsion, and life support 
equipment. 

Becan fits innonative manufacturing process, Aspe i 
expanding the corner applications of serge to many 
Industries Fr the Gat ise, serogel can be alld and 
ined like any other chermal or scoutc insulation. Aapen 
made the material effective for window and sigh naa 
tion, on-armable bulling ination, and inexpensive 
‘eval ination tha wil withstand fis in homes and 
building, and als ane inthe prevention of forest et. 

Ta adion to Cayogel which has low emperature 
applications, Aen ie working vo further det arog 
product ine include Pyrogel(® and Polar Beaz,™ for we 
‘with hightemperature applications. Bath Pyrogel and Polar 
Bear ate cuteny inthe development sages, Prog! prod- 
‘uct wil ind purpous in pacer, ockes, engines, and 
igh temperate Bumocen, Polar Bex caves mou eit 
temperate applications, including insulation for homer and 
buildings, thing appliances, airplanes, and automobiles 
‘The vere crogel product wil be found in everyching 
{hoes clothing to building ination, to space vehicle 

“Another example Aspe’ Spacelof™ product an 
Incapesive, leaible anker that incoepoeats a chin lye of 
aeoge! embedded directly into the fabric. An advanced 
‘ern ofthis material oiginally developed under the SBIR 
‘contract with Kennedy Space Cente, Spceof i reatively 








inerpenive, eb, hydrophobic, nd brestable i ho Forabar ye 
thet de nore flee dante bt commerily Sonics 
aie dorking inlaton Incorporated in jackets == 
manure hy Coro Nove, and tobe ald by Hugo Bos ome 


these jacket ae intended or wearin extenely bar 
‘conditions and stv, sich ax Antarctic expedions. 

‘A the pic of Spacslaf come dawn with mass production, 
ini expected tobe more widely used in evra winter 
dothing. Recently, NASKs Johnson Space Center used 
‘Spocelaivo conattuct mens aa prectoc to space gloves 
for Mar exploration, 

‘Along with che many advantages and applications a the 
supeio inulton qualities ofseogel, ar the environmen 
tl implications ofthis material, Waespeend use of erogel 
inaulation in homes and buildings has the potential ta 
sigifcanlyredace gol enery consumption and pen 
thse gat emits: Ar the company vente fare into 
the ature, Apen Systems will eep advancing the applic 
tins of scope! Br exiting, at well ax new and innorative 
purpose cat wil siguficany bene ou ves ad improve 
the lobe envronment. 








‘Sp ali npn ne 





pe Nee np he Spal in of te NASA raed gel 
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— Fresh Veqgies From Space ———_ 
































eofesor Marc Anderson ofthe Univesiy of 

 Wsconsin-Madison developed technology for use 

in plant growth experiment aboard the Space 
‘Shue. The University is home tothe Wisconsin Center for 
‘Space Automation and Robotics (WCSAR), 3 NASA Cam 
‘mercial Space Center sponsoted bythe Spoce Product 
Development Office st NASA Marl Space Fight Cente. 
Anuersocs research and WCSARS technology were funded by 
[NASA and resuled ina join technology licensed to KES 
Science and Technology Ine. of Atlan, Geog, This 
transfer of space-age technology reauled inthe creation of 
ew plancstving product. 

Eyene i anata hormone that causes plan spoilage 
and peemanure withering if present in exces amous 
Produced by plans, iat a chemical eue chat elle plants 
to begin ripening. eis crcl to remove etene fost 
cncesed plant growth environment such those for 
‘gowing in space, berate igh concentration level can be 
‘devimental to che plans. WCSAR, in eonjunesion with 
“Andersons technology, created an eiylene erubber fo plant 
(goth chambers This inovation pretents commercial 
benefits or che food industry in he form of new deve, 
‘aed Bic-KES. 

lncorporaing the WSCAR Gtr system, Bio-KES removes 
ccylene and hale to prevent spoilage. The ster’ fn des 


The Bi ES rm wes NASA acl rene 
tye and aro page fo mal a 
‘eat ef a par dep ca 





in sir and pases it over pellets treated with tani diode, 
“The nice donde works a2 etalyc to break dawn the 
tthylene ins carbon donde and water vapor. This change i 
Triggered by photocatalyisa proces that wc levi ight 
to stvate the anim particles, The by-product of exbon, 
diode and water vapor ate then recirculated back into the 
arage ae dipay aes. 

"The unique proces of dhe Bie-KES ayers has advantages 
ves ther ethylene sertoval eptems, Met seers ply 
faite the ethylene ia che i with an onidant auch ae 
Potasum permanganate and consequently. require Fequent 
‘aintenanceto rave ehaused oxidane pelle. Bio-KES 
breaks dowa eiylene aay thereby eliminating buld- 
upsso the system is almost maintenance fe. Because ai 
continuously passes dough dhe deve, Bo-KES temoves 
sppronimatly 99 percent ofthe present etinlene and 
‘centrations ate unable to rach bara levels 

"The we af uluavile igh i another advantage since iis 
proven to reduce the presence of mol, bacteria. and odor 
foc produce orage sea, Other devices de not typically 
inal leave light. 

iylene accounts for up eo 10 percent of produce mes 
and 5 percent of lower loss, Using Bio-KES in ore 
‘oom and displays wl increase the she ie of perishable 
foods by more shan one wee, drastically reducing the costs 

‘sociated with discarded ronten fods apd Gwe 
“The savings could potentially be pasted on 
‘onaumten According to KES president, John 
Hayman, Je, “T colds ven gin vo give you che 
Willons of tons of food tha can be given, or banded 
to theend wey, na able tate, rather than 
something that the grocer store othe commercial 
‘eterpises have oth ut” 

“Aspecl plant growth charaber constractd with 
this technology fas own on ramerous sure 
missions. For NASA, the device means that 
deronauts can conduct commercial scaled 
revarch in apace. Eventual it may ao elp 2 
‘grow fod in space and keeps long. This 
‘ould lead to lee packaged ood being taken aboard 
tislons since i coud be elated in an eine 
fie envionment. © 


— Making Sense of Remotely Sensed 
Ultra-Spectral Infrared Data 


sa sequted fam ver high spect rehsion 
‘monitoring ofthe Ears atmogphere provides a8 
treswheletng amount of information, This 


information gathered when thermal infrared radiation 
pases through the Eas mosphere and reaches senso 
“he infrared radiation forms highly convolved signal 
containing bo emisin and absorption, fm the enti 
length ofthe eay path. To harness his dat, NASA Jet, 
Propulsion Laborstory QPL), Pasadena, California, Batch 
‘Observing System (EOS) programs, she Deep Space Necwodle 
(DSN), and various Department of Defense (DOD) technol 
(9 detonstaton progr, combined their technical 
‘aertie to develop the safvare, EEASCRAPE. 

'SEASCRAPE, licensed by the California Lntut of 
“Technology (Caltech), sutomatially inverts comple infared 
dita and makes ic posiblevocbainetimats ofthe state of 
the atmoyphere long the ay path, Former JPL af members 
crested small entrepreneurial ir, Remote Sensing Analyis 
Spree, ln, of Altadena, California, 0 conetclze the 
product, The founders believed that a commercial yenion of 
the sofware yas needed for future US, goverment ions 
and the commercial monitoring of pollution 

‘With the inversion eapablity ofthis software and remo 
scrsng inarumentation, ri poauble vo mentor pollution 
source from tafe and yecutedecances on a nonintereing 
‘noncooperative bas, The safe allows the es © 
desermine the presence of pollution product, thee eatin 
tnd thee abundance slong the xy path 

“The inversion proce les Ane piciple physical 
modeling, ther than the ua “differencing” of cheer 


tion. The capable ofthis echigque allow for maxima 
‘east ofthe instrument In addition, the inversion can be 
‘done on individ place if dvd, meaning thet sno 

inter pitel dependence forced upon the analy The observer 
is fete make ws f whatever datas avalable, without 
baving to obtain data es that ae cotaposed of “pallton” 
and "pollution pial for comptison 

‘Given hat the inversion a quaaiaie seaiical 
product not only ate emates of she polluvon obtained, but 
tle the uncertainties intone etna, Knowing the 
tunccresinty associated with each estimate isa very wel by 
product f ths echaique. tn dor one knows how rich of 
2 paricularsubutance would have tobe presen under the 
‘observed cent forthe inrumen to detec presence 
For pllution contol conformance moniering, dat x 
imporant a menurement the detection ofthe plltion 
datsill. 

“This sofeae, now known as SEASCRAPE, Phu, is 
curently avilable for Macintosh, HP, Sun, De, and Alpha 
‘machines in excitable form Pring ito PCs and vo other 
UUNDULINUX machine i staight forward since the wore 
code, while lange (ver one milion lines), is writen ia ANSE 
Sandan C. Curent the graphical wer ierface (GUD) 
ted wo interact with the code, i writen in Interactive Data 
Language, (DL). The software has been cleared by the 
Department of Cotnece fr expert ad is currently wae 
by tunes escach and enginecsing organizations around 
the world. Hopeflly, SEASCRAPE will ase escacher in 
consbating pollution: & 
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ou could really sy thar Geophes, Ld. of Raleigh, 
Nord Carolin, has lor of sense—or maybe, 
sensors. Through Stall Busines Innovation 
(SBIR) funding from NASAG Stennis Space Comer, 
Geophex devied a new design for broadband electromagnetic 
seruoe, NASA orginal gol was vo ind an advanced 
ditbome dectomagnetic remote senso wo enontor vatous 
oust environments. To mec ths gal, Gophex developed 2 
ented senaing technology, capable not only of conta 
‘monitoring, but ao a vary af ther functions, including 
‘vitmnmenel poliion eharaceratan, groundwater 
‘ontasinaton detection, archaclogcal stdy and mineral 
‘ketection. The new technology ieee in several of the 
company’ products—the GEM-2, GEM-2A, and the 
GENS 

“The Geaphex produces const af ewe primary cectomag- 
etic ol, which ae siulaed by alemating cient that, 
fenerate a magnetic eld in the object aged for inveiga- 
Son. An cletomagnetic sensing col that meats the 
‘magnetic id induced inthe age i also needed, While 
ther appartiis have been conducted with these ese 
eneral components, Geopher sear has been dratially 
npacted, and yet sill eontains the needed specifications of 
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t— Nor Your Ordinary GEM 


Ia the Geophex version of sensing technology the coils ate 
situated in lve piety of each the. Prevoualy. the cla 
were placed as paras posible, making fora athe age 
{nument. This darance wat though o be neceaaty in 
conden prevent the exhatory enageti ld ofthe primary 
cl run enerwbeling the relatively weak eld of the 
‘ensing cl, Geophers compact sae achiyed throng the 
tte of concent design where the aller wetting cal a 
placed within the lager primary coils creating a magnetic 
aveyat the center af concentric lops, lowing fr the 
‘ccuate detetion af weaknenes in decromagaetc eds, 

‘Geophex creates product of unrivaled scars and 
lfceney in a wide range of Eaeh-lated Fils Fr instance, 
the GEM-2 ica handheld lightweight, pogeamanble, digital 
dleviee econ ofs broadband dectomagnetic sensor, 3 
‘rechargeable hac, and operating sofware. Charactriica 
{ike is advanced sensing aly and comport sae make the 
(GEMC2 ie fr araller geological and environmental 
surveys In one noted ase the GEM2 was used rediscover 
Alecade-ld radioactive wate that had been buted in 
‘Teanenee. 

“The sme sensing capabilities ae ofeed inthe GEM-2A, 
an shore version ofthe xensot Suspended rom a heicop- 
ter the GEM-2A i sed ko sench for mineral deposit and to 








survey lange races of and. One Autraian ining company 
‘uccetded int seatch for diamond depoin and echer 
‘precious ad hase metas by employing the GEM-2A.. 

"The thi version ofthis technology i exhibited in the 
(GEMC3, Like the other GEM product, ic can be wed for 
‘evioenienal st characterzarion, but it ao hes anther 
unique funtion. The GEM-3 is capable of detecting buried 
lindnine and other active munitions. While other produce 
se able perform similar funtion, the GEMS ges above 
and beyond thee capable by idencfying landmines by 
thie brand names. Because each Indie sts on unique 
deeroagneieesponde to the broad frequency bad 
‘mie by she GEM-3, bom idensication ad disposal 


tntatgies ae ene eae 





‘While Geophex at enormous succes with these products, 
‘more ye to come It s hoped, future applications a his 
{technology willallow fr the detection and identification of 
‘concealed weapons, Medical lated applications include sing 
taangeapy as image the concucvny ofthe body, This 
technology alu has the potential fo detecting ater and other 
fundamental sources necessary for etablshing human 
‘lonies on ether planets, Based onthe succes ofthe GEM. 
“aly of sass, NASAS Jt Propubion Laboratory has 
awarded Geopex contact for the development ofan 
‘decromagnetic enor tobe mounted on « Martian rove. 
‘Sensor technology wl help ue map ox opporinis in 
sce, as we conte to map ou thou hereon Earth @ 
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—— Cybersonics—Tapping Into Technology 





(Near Ears Asteroid Rendezvous) spacer an the 
steroid Eros spat of a space exploration projec. Ae 
NASA space exploration expands, the ned for rrelutonary 
sew technologies increne, A company from nonwesern 
Pennayhanis has tepped up tothe plate and delivered an 
innovative technology with infinite ponies. Cbersonic, 
Ine, of Eri, Penzylvani, with the aseance of Seal 
‘Busines Innovation Research (SBIR) funding fom NASA® 
Jee Propulsion Laboratory (PL), Pasadena, Caliorni, bas 
developed an utrsonie dell with applications ranging fom 


NE this year, NASA succeflly landed the NEAR 


the medical industry to space exploration. 
“The del which hs the bit tote ote sample ofthe 
Auanleatpraite or perform the mst delicate diagnostic 








vedic procedure, a lighoweght, ultrasonic device made 
to fein the palm ofthe hand. exdlcecscustors, which 
have only to moving pars and no gears o motor, dive 
the components ofthe device, enabling eta operate in a 
‘wie ange of emnperatuts, Peoeetticy ithe generation 
of elect in ilecc crystals crystals that donot 
‘conduc tric) subjected to mechanical ste 

“There ate thes tain wectons othe dil: an ursonie 
session a fermen resooatn, and adil ae, The device 
‘operates when vibrations Grom the ulti ctator excite 
the fe ut esonator. Acoustic energy inthe rsnatoe 
transfered tothe dil sem and then tothe autface of the 
intsfce, where the interface is excited past its imate 
stein and fracture 

"The mot remarkable aspect of the dil i 

in abily to penetrate even the ardet rock, 
such a basal, with nial force applica 
‘on. The ulronic device requires 20 to 30 
‘ime les fore thas standard rotting il, 
llwing ic ob sally guided by hand daring 
‘percon, This ican portant feature when 
‘tempting to dels cose ample intro 
vi, where an astronauts positioning to 
the interac sno lay optimal. Als, the 
Asis operable a evel shaw at here wate 
cof power, where contensional dill equite 
‘aretha eee mes thi level 
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"This revolutionary devie has avast ray of avaneages 
‘over adiinal dil. For one, the coving bit ofthe dil 
eats a ole that ie slighly bigger dha dhe bic itself 
Teing the lielihood ofthe dil jamming duet buildup 
‘of secumlated interface material Anocheradrateage i that 
the ukrasonic dil bit need not be abarphecate ultrasonic 
‘ibrations ate responsible forthe dling axon. The pezo- 
‘dee actuators power the dll dough the wufce without 
‘ince of wear, Becawe the dil can operate without 
oration, the coe samples can be quate round, o any aber 
Adsable shape. 

Research member ofthe Nondestructive Erahation and 
‘Advanced Actuators (NDEAA) tam at JPL are eutreaty 
‘developing Might model of che ltrsoni dil which will 
Ihave the ably oabrade weathered layers of rockin der to 
‘expose pristine sueacs fr anaysi. NASA hopes to inclue 
‘he ight uni inthe Mats 2003 exploration mission 
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“The JPL team and Cybettonica ae alan developing an 
seiinal prootype dl thats intended to each meets 
deep allowing fra more accurate core ample, The device, 
‘named the Uesonic Golr, willbe ele down tothe died 
‘well, whee ie wll creche ground aod upload a sample othe 
‘uae If sueceil this device wil be inl in the Mass 
2007 miso 

“This exciting technology, which acraly began a device 
to treat kidney tans, offers an optic Fre for any 
‘nutber of profesions, Curent, Cybertonie provides a 
‘airy of eal ination with variations ofthis tchal- 
gy eset w thee specie needa. Putte applicaions 
{or the ulssnie dil re too numerous name, but include 
potential applications in rock and wil sampling medical 
procedutes that involve core sampling or probing, lndiine 
Aetecton, bidding and contruction, and ype exploration, @ 











1— Turning Gas Into Greens 





or space missions, fod must be cari aoatd the 
hut. At we ena upon loge explorations nto 
the usknown, esoe preisons wl have ca be packed 
for these longer rsions. In order wo lengshen the amount of 
time humane can spend i pace and el launch minial 
payloads ssuonauts wll hate wo be able wo cultiate vi owe 
food, So, how do you tun a astronaut nwo a farmer? NASA 
take thera quation, The anowe i an experimental 
tpeeahoune hi aes mettane from decomposing trash to Bul 
2 system that mks food. 

"Through grant and research stiaance fram NASA 
Goddard Space Flight Cenc, centiss fom Cook Celle, 
Rutgers Univenity and Stevens Intute of Technology have 
been condcting edie at dhe Burlington County Research 
and Demonstration Gresnbowe, located a the Bulington 
Couny Resource Recovery Compl in New Jeney. Alchough 
the combination af gabe and growth may seem unl, 
bas ned out to bes perfect sath, by proving rmnatoes 
sha ae Bim, juicy and big hit lc food mashes 
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Biogas cated by the anaerobically decomposing ash 
ae necosary to fll the energy aces ofthis revolutionary 
‘greenhouse. The primary emision, methane, is piped to the 
‘reehous beiler and wed wo fel he hot water eating 
‘pem, Thus i, he we of biogas has drat reduced the 
‘operating costs ofthe greenhouse, clinatng the need for 
ton-renewable fue The bogs wil ako generate cloctichy 
To the greenhouse in che neat fue 

In oer to keep the pte relatively sed, the plant ate 
lnsgted with reeled plane nutient sucha zope, 
phosphorus, possum, calcium, and magpesium, These 
tiene are delivered through hydroponic, the culation 
of plant ina nutient elution rather than in sl 

‘Alo unique to the greenhouse ae the high-presure 
sodium Lampe tha augment the natal light, hereby 
boosting production and eedacng cropping dine A total of 
1G hours of igh ate provided vo the erop each dy, yea 
tou. The mow unique pect of the proce i one that i 
the et hightech—bees ar kept in the greenhouse 
polinate the const lower 

cate the cement ofthis new method work together s0 
ficiently ionly takes shout 90 days for ase o germinate 
Sand proces vomato harvest. Not only ithe fod produced 
Taste, the anal abor needed fr the upkeep of ee planes ie 
lho drastically reduced, 

“The sptem was designed to peuce tomatoes on yea 
round schedule. According to David Specs, Director of 
Developmen Progra at Rutgers Univenity and Green 
‘house Manage, the yrenbous produces "abou ten time the 
amount of rmatns that would be grown outdooe ia 
Similar space" Whea at fll production, the operation ie 
‘apuble of producing 10 pounds of rmatos per square fot 
per yea. Thats lot of marinara 

‘Al of the tomatoes ate sold w RLB Disbutots, ne of 
‘Wt Caldwell, Nev Josey, and then rele at King Super 
‘mashes, alu of Ne Jeney. The tomatoes a individually 
‘masked with sticker, idenljing dei premium quali 
Presently the demand for these space-age tomatoes 
cxceding the supply 

‘While the prtary product of the greenhouse ithe 
tomato, eter fod crops can be add. Because of NASA 
‘ongoing efor and stance, chet innovations in agile 
‘ure wl provide fase space missons wid renewable food 
‘outces, a well innovative methodologies in commercial 
farming Asystem ofthis capably could provide fod 
soutes for area that ae, or atous rein, incapable of 
ttudtonal agree atch a thie-wodd countries and 
desert and NASA ata at enabled the creation of uly 
innovative proces Hopeily the wok done atthe reethaue 
will an diy provide food ct oly St New Jone esident but 
forthe eat of won Earth and those in space swell 





— Making Sense of Plant 


hough Sal Business Innovation Research (SBIR) 
funding from NASAG Stennis Space Cente, comes 
new product that measure the photochemical 
ficiency of plans Ciencia, Ine, of Eas Harlod, Con- 
rectiut cent a new device known as a Portable Photosyn- 
‘hess Analyee,o Phase luoromete, that provides realtime 
dats about the photochemical ciency of phytoplankton 
and exher plant fore, The commercial version of this 
technology ix wed for photceyathes eee and offers 
major benef othe fd fife scence. Tis new nse 
tment ithe fis portable instrument of ix kind. Though a 
eens agreement with Ciencia, Oil Instruments, of 
Sirtford, Connecticut, manufictrer and markets the 
‘commercial version ofthe irament unde the name 
Lifesense™ 

ifeSene i 2 70 Mis singe fequency Buorometer that 
offs uncvaled capable for onscence eine ening 
zu analysis. Fuoresence fete ef o the fete af the 
orescence proces, whereby certain material mi igh st 
‘eran wavelengh afer abucbing ight of shore wave- 
Teng. The cote behind chi techlogy wat developed in 
callaoration with Stennis in an atemp to create a device 
that could mensute the photochemical efficiency of phy- 
toplanlaan inthe acest 

Presently, NASA wes the Portable PhotouynheisAnayaet 
for vaious inst oceanographic applications A shipboud 
vetvon ofthe iutrument vas developed for conducting 














Health 


‘phytoplankion studi. Thee us wl ly foundation for 
‘ompution, ora pound th, fr data gained fom slite 
remove sensing of can calor, human habia, and 
idogy in space 

“The new technology alo has other sppicrons. According 
to Dr Salvador Femander, president of lena, the ort, 
tigifean commercial prea of this technology le in ts 
instrumental use foe photosynthesis research and in stems 
forhigh theooghputsereening of compounds in ggclcur 
chemical research and drug sti, 

TifeSense provides infomation abou all vrei of 
photosynthetic systems. Photosythesisrascrc contributes 
Inmportane health seamen about the plan, belt phy- 
toplankans ora higher fom of plant if, With i unique 
tensing capable, LieSens ries data regarding the 
Yield of plac photochemistry at wel ses level of 
‘photoynthetiacivity. The ue can then gain an extzemely 
Sccurat eatimate ofthe plan’ chlorophyl ase, primary 
production rates anda general overview of the plan 
‘Physilopieal condition. One ofthe ajar LifeSenge advan 
tape ithe instrument silty vo moda chlorophyll 
Auotescence and photoyathet, both of which re elated 
Jong, heady plane fetes 

intl now, Buorescence ite semsing requted expensive 
‘uipment. However, wih the LileSense deve the wer ges 
‘igh esoluion,high-senstivigy, rapid measurement time, 
and bread spect vena al ara relatively low coat. 

‘While NASA benefits frm utlising the portable analyser 
on several projects, including the Sexviewing Wide ik-of- 
view Senor (SeaWiFS), the Moderst-eoltion Imaging 
Specoradometer (MODIS), and the Space Staion Bioogi- 
‘al Reseach Program, Ciencis plan forthe Faure ate mote 
‘dows to eanh. The company antcpatesfaher potential 
‘ame applications inthe areas of precio apiculate, 
aquaculture, forestry, and fod safer. 

Recenly, Cenc entered into 3 zensing and development 
sgreement with HTS BioSytems, of Hophinan, Massachu- 
sees, wo develop further applications ofthis technology for 
high thought screning in drug discovery. Under this 
sirement, enc wll be providing analy, design, 
ineimentation, developrnent, stems integration, and 
protaype fabrication services to HTS, & 
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— Sensible Success 


cy now and spn, seething comes hong that hat 

B-reaching applications nx vary of ela, Thi i 

the ase with sevice provided by Chowsey Inconpo- 
sated, af Chalowevll, Virginia. Founded by Rick Crowsey 
in 1996, the company built on his expertise in providing 
spat infoemation services and produit forthe legal 
‘medial, health, and financial Beds. fore searing his ow 
frm, Rick Crowsey wat an engine, wodking at NASAS 
Stennis Space Center ona vary of project inclding the 
NASA Commercial Remote Sensing Progam. Praenly, 
CCeowaey Incorporated ia proud parenrin NASAs 
Mininippi Space Commer Lnidative, with reach offices 
atthe Joba C Stennis Space Cee 

‘Cornmesilreote sensing tse stele imagery to 
provide valuable information sbout the plane fescue, By 
‘Spturing ight reflected fons the Eats surface with camerat 
oesensr systems, usually mounted onan oeitng satelite, 
die is cbraned for busines enterprises with an interest in 
ian eanure dasain. Remote sensing i practical when 
plied wo lrpe-atea coverage, uch a agpicutural moan 
ing, regional mapping. environmental ssesment. and 
infrastructure planning For cxample cellular service povid- 
rv ute line imagey to sec the mos ideal oction fora 
‘Crowaey Incorporated asthe abr wo use remote sensing 

capabie vo conduct spatial geographic visalstions and 








cher emate-sensng service. Pesealy, the company hat 
found a demand for thet sevice inthe ta of ligation 
support. By using pail information and analyses, Crowsey 
Ips tigatorsunderatd and visilize complex sues and. 
thea ro communicates clear argument, with complete 
indgpueable evidence. In oe patel cae, the company 
was tained toate in the define of tughoat company 
ited to help tcnepor an cil-ling sg. Aer the eg yas 
‘moved and in potion, the les ofthe ol ig pfs were 
lewered, one of which puncited hole in atu gx 
pipeline resulkingin a conflagration. Consequently the a ig 
pany wed che tg boat company for excive damages. 
CCrowacy crestel comprehensive geographic information 
system that was sumarned with angle vauaication. The 
revelation ofthis summary exhibit was pote to have been 
the pny eaton foe the patie o reach a privae sete 
ment saving the nighoat company clions of dlls. 

Remoel sere dra, eyes analy and graphic 
Information systems wil farther our understanding of how 
Ears features have the potential eo afer private industry. 
Using the experience and technology af NASAL Crows 
Incorporated wil continue o provide unique service to chit 
lent. 
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‘cig Saal Basineat Innovation Research 
(SBIR) funding fom NASA’ Goddatd Space Hight 
(Center, of Greenbelt, Maryland, new kind of veel 

tas taken to dhe es, Clearwater Instrumentation of 

“Wertown, Masichuses, crested olkraeor ary aca 

ing sation, Well-kaow for is complete line of driers, 

the newest member ofthe Clearwater fail i the CleuSat 

‘Autonomous Ding Oezan Station (ADOS). 

"AOS was develope to suppor observations of Earth by 
NASA sles. Iisa low-cst device or gatheing 20, 
ssortment of data necessary to the integration of present and 
fanure stele eneauterens of bicogia and physical 
proces, Clearwater Inarumentation developed is ADOS 
{echaology bated on Gordan Seavicwing Wide Field o- 
ew Senso (SeaWiFS) projet, but ona see shat is practical 
commercial we. 

Driers ate dats collection instrument tha te comprised 
of sutfice Mloat ether oa deogue, but the Clea 
[ADOS isnot your orinary drier eis wed forthe in sew 
resting of ocean sufce lye properties uch a ocean 
coe, sure thenmal 
Strvctare, and surface 
‘winds. Changes in ocean 
‘olor can sig the 
presence of atous 
mote of wane 
‘hyoplanaon, 

"ADOS tae sensors 
that observe the ear of 











seawater by mesning 
tela ieradiance and the 
ttrength of upwelling 
light at pee SeaWiFS 





frequencies, Each sensor is encased in waterproof housing vo 
clisnate biofouling, which ithe eller ocean water and 
pPhytoplankson have oa the seo. The cape on the housing 
ae etoved at predetermined interval to perc the activa 
tion of second, unfouled sense allowing forthe evaluation 
‘ofthe elec biofouling had on the Rrstsentor and the 
Aeployment of new upwelling light sera array. A hid 
‘enor perfor the same function ata later pine in the ife 
of che der. 

'ADOS also meantes the seawater temperate profile at 
13 dep fromm sea surface to 120 meer utising 12 
SmartSensots. Using the WOTAN (wether observations 
‘throug ambient aos) technique, ADOS is abe vo measure 
the wind, while wind divecion is detersined with an 
‘lectronic compas. Allo the information about ocean color, 
Wind, and temperature collected via the Argoe tlie. 
which leates ADOS by measuring the Doppler shit of che 

“Thus ft, muliple ADOS units hae ben sold to The 
‘Scrgpe tnstuton af Ooenograpy. where they ae being 

plied in the Bld of 

tendee rcince research, 
Fisheries can ala benefit 
beeatte ADOS ex lcate 
prime cultivation candi- 
‘os oe his Ea -greing 
industry, Clearwater 
Tnatrumesation expects 
cootnued succes with the 
products more and mre 
thes ae found in the 
commnescal market. © 
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— Ocean Drifters Get the Facts ————————} 














[TF Awocstes, Ie. (ATT, of Cape Canaveral lida, 
‘worked with NASA to develop 3 revoluonary 
‘uine-based Laude system. Trough the rane of 
space technology, AJT's TecH Ozone ® wath system presents 
‘ts eastomers with an enegyefcien,coseelfecsive, nd 
‘cuvironmentally safe way to perform commercial aundeing 
[AVT was under contact with NASA Kennedy Space Cente 
‘perform studies forthe Solid Rocket Booster Parachutes sed 
in the Shute Progra. Once the boosters detach frm the 
‘Shue during the lunch, parachutes open ta preven the 
booster fom fling to the boom ofthe ocean, making 
Iosterreicialreaively xy: However, the parachutes must 
the eated and epaited beore they can be wed in ancter 
Auch. This job performed at Kennedy's Parachute Refur- 
biden Fly (PRE), 

"The ate surounding Kennedy i part of Merv and 
[National Wide Refuge and fe composed of fgile wetlands 
and forest. Under a permit ied by the Herida Department 
‘of Environmental Protection, purachute ie water wat 
lschared into the desinage ditch, which empried into the 
‘wedande. Au the permit appoached it renewal date, Kennedy 
{lf decid vo inveuigate method orecele the watewatet, 
ATT conducted a bench study to erase the purifiaion and 
tease of the deck and wath waters ofthe PRE A test uit 








t— Washing Our the Competition 


esigoed to mestue the effcivence of various water 
‘purication stems showed peable water wed a the PRE 
{etanedchlvine, which would seit remo pio 
dlacharge. Kennedy pertoneldetrned that close loop 
‘water rte gem would not only be mote con-effecive chan 
‘continued weament and dicharge, bat wold ao be more 
‘covinmestallyresponaible Although AJT's weatment and 
‘ese system intially ed athe PRE was replaced by 
Kennedys egjonal wastewater recycling approach, it wat 
crentualy adapted and wid at number of othe facies 
fd commercial eaters athe Cone 

“The seach and desig that went int the AJT sytem led 
to she creation of TecH,Ozane the machine manufactured by 
[ATT for commercial Lary Ec. While pefoeraing the 
sdy foe dhe design ofthe pte a the PRE. AJT recognized 
the snitrng ables of none, Orone te reactive and show 
lived, ye reas eitng and solion, These charscterics 
presented a hurdle in absining the level of exone required to 
‘ecflly et the wate AJT+ answer ta the problem wat 
the development of contac columns ta be inserted in the 
‘wath tanks The columns allawed forthe proper tranafer and 
‘Concentration of eaone vo be added tothe wate. This the 
‘evolutionary technology behind the succes of TeeH Ozone. 
Not only wat the proper solution of oxo achieved, but evel 








‘could now be measured and adjusted aconding io vasious 
tasks—eich at mote axone for drier laundry. 

"Tet, Osone igaiicanly redces the mou of water and 
chemical wed at compared to adiotal commercial lndry 
‘ystems. This rection ha sulted in lower cos and shorter 
swat eyes And due othe reduced we of chemicals 2 
‘igifcant portion ofthe rinse water reyled back into the 
System for re. 

"TecHOuone tomes, sch at hots and othe ange 
commercial aundey flit, have ele the benefits ofthis 
‘quipment, Because of the reduced eee times, ever washers 
att neded and there ta notable incene inthe earliness of 
the laundry. Customers ae pareulaly excited about the 
inoing tie saved due tothe generation of fewer wrinkles 
through TecH, Ozone’ use of eold water, andthe fc that 
‘lee and whic bundy en be washed together without 
fear of bleeding dyes Fabrics leaned with Tec, Ozone ate 
Aller and more aburbent, making towel softer and more 
‘ceenforale vo we. The eduction in chemical residues is 
boa to thove with allergies and to thve prone vo skin 
iitaton fromm chess resined in teglar land. Vice 
President Richanl Wood sys, "This alo asthe pont to 
fede bed sores for tho who te hooped for long, 
periods of ime since bed sores ate often eased by an 
Interaction of pepirstion and lai residue in bed Hines” 

"Alang with dette reductions in chemical cots, 
‘castoters ave ten of thousands of dallas cach yar due to 
fedced energy we and water consumption. Renin on 
investtent for hotel and commercial launder in 18 co 24 
months, with 250 peeent cut in overall coat 

“Aggmond LLC. the AJT company sponsible for selling 
she TecH, Ozone sytem, i approaching the commercial 
Taundey marketplace with pea excitement. They belive this 
‘ce age technology wl Beoone dhe industry eaeard 
beans of emendou cnc seving, environmental benefits 
and increased product quali. And ill ated with «bench 
Suady anda syst desiped to solve a wate contamination 
‘pmblem a Kennedys Parachute Refurbishment Fuel. 














ew tol helps farmers foeters and other growers 
IN ketet unhealthy crops before che human eye a sce 

the damage. Through an exclusive patent ene 
{aons NASA Seeanis Space Centr, Spectur Techaaogis, 
The, of Pinfield, nos, has developed a hand-held tol, 
called Observer ™ for detecting plant ste. 

Deylope by two NASA reeschers, the Observer shows 
the viewer which plans ae under sre through lapectral 
imaging. Mulispecta imaging ithe use of specif wave- 
length ofthe ight spectrum o brain information about 
sbjecs inthis ae, plans. With this device several 
‘ravelengths of light abain information about the plant and 
‘eal ae immediatly proceed and dplayed, 

Plant sess cause by unfvorable environmental 
condition, such a ack of autrens,isuficent water, 
sese oF inset damage conditions ate unlivorable, leaf 





— Detecting Plant Stress 











‘Sin pyro mraes tr nd 


chlorophyll conten wil begin to decene, Without iste 
‘mentation, this decreas ic viwaly undetectable uns leaf 
begins to change color However, by the ime discoloration 
cru the plant may steady be oo damaged vo ave. 

"NASA reeach found that previsble sign of eres can be 
euzed by measuring the chlorophyll content based on light 
emery reflected fom the plant. The Obuerver detec sent 
lp 16 day blore deterioration ie ible tothe ee. Ely 
detection provides an opportunity to revere strat and eve 
the plane. 

“The Observers hand-held, ely operated device. The 
opertor imply points cathe af and pushes a burton to 
thier immediate readings. Since the unit is designed for 
lou ange we, optimal reading at achieved when the device 
is held approximately 18-24 inches from dhe lea However, 
reals ave been recoded fom Gra 20 yards aay Goma 
the plane Once the butt has ben pressed, the mulspectal 
imaging procen gos vo work and rns ae mipplied within, 
several conde, Because the unie work in both eanuraland 
sical ligh, ics sabe for outdoor o&indoo planting. 

Tn terms of cost, the device an mean sbstanal saving 
‘When compared wid costly engghy laboratory tests, 
Spectrum device comes out tp delat. The Observe is not 
nly cheaper and mote accurate than peviows detection 
methods but it alo aid in crop petration, I replaces 
Leborstor testing eeing more sources to advance op and 
ove cence. 

‘Commercial aplicition are found in alot any ld 
where plan ie present, including asiculure, precision 
Farming, horicultr, and plan esearch Farmers using the 
(Oberer wl se est emp, ensuring masimum harvest 
Ensire forests couk be saved though the aly detection of 
‘atious ee diseases, There ina very teal opportunity to cate 
1 veal healthier plant if for commercial growers 

‘Mike Thurow president and founder of Spears 

pects this device wil culate heater 
eal expenditure, and monitor the 
physologial elect of plans, © 
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— Think Tanks 


rorage tank at ably cra to the nds f the 
perl ad chemi indy. However they 
rut be prin npetel in eder to pent 

leakage da cool roll snd gina contain 
tio, Praca inspection meds require chat an be 
completly desi and then ceed before nopecon 
roksan ene the ia. The workers then concn 
‘ph vial inpeton co search for Haw This metod 
preset eo as eda coainana cn ad 
{Smphyaiaion o even expen 

‘Rncw inspection robot rom Solex Rabo Spm, of 
lsh Filla Idaho, was desgd to clisinate barrows 
‘nspectns. Themes robot, armed Maverick, aed 
to iuper the baton of peeled chemical rage 
tao, kepng the tanks operational during inapecion 

‘Maverick was deeopel thioagh a gfe bern 
the Mo National Engieeting sd Enytonmestal Lab and 
Soles pent company Sle Evie Stems By 
odin wih NASAIMSU Testa, of Bozeman, Montana, 
Silex Rabo gained NASA anita under «Space Ac 
_Aageemeat fo Jobason Space Cet 

avec i vi leon tok place tthe Johnson 
‘Nel Buyany Laboratory 2 40ooedrp, 6S 
tpllon pool aed to imate wegen. NASA provided 
the unique eting capable tha ould nore ofed 
thewbee Bree of Mave ancora nd supply 
tous, Slex ws inte in reating NASA experience with 
‘eter management back to thei. Should hous 
come entangled, the tanks would have be drsned and 





refilled s9 Maverick had tw prove exuemely elfen in 
‘managing ts ins. Nenlles wo ny, Maverick took to the 
rater ke a Gah andi nw ble o provide services that will 
‘rake mania vank iepetions beat 

ting «pial Maverick inspection the sob i lawesd 
into the il torage tank. With traction whet mover 
acre the tank Hoar using speciale sensor and imaging 
System wo inspect the welded steel ofthe nk, caeuly 
arching for corrion and weat, Uasound technology 
rmeanie the thickness ofthe metal. While the inepetion it 
‘conducted, Mavericks remove buran operas een eae 
‘outside of theca 

“The rst human belch and if is now view elii- 
nated. Te st the envionment alo minimal Baise 
there ira reduced chance of plage Grom expying and 
eanng the tank, where previously, tons of pollutants were 
teeaed through the proces of draining and eling 

‘Using Mavetick loses about BO percent of he cont, 
associate with ingpetions. The cont of draining and 
‘eanng the ak, combined wih st revenues rm down 
time, cane upwards of $50,000 wo $500,000 per tank. These 
time-consuming, bor-intnsve and cosy steps ate no 
looger necessary since the tanks cemain personal while 
Maverick ein se 

‘As Maverick changes the face of tank inspection, it 
_nrengthens the robot inspection standard se forth by the 
‘American Petroleum liu. © 
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— A Genuine TEAM Player 


cw sfewate sytem that quickly detects and 
slate fale in comple, higher ach 
athe Ieational Space ton isan eatemely 
‘ahtable product Now, take thar eye, place ton acetal 
mpuier and operate it emotly over the Internet, ahd you 
haves key enabling technology forthe fst rowing afer 
smart service busines chat sing the Interne generate 
few service venue, Whats more, the tem covers al phases 
of products dsgn, development, and suppor unique, 
‘omprchemsve sofware seem that could peyote che 
wry dagoonics are designed, implemented, and deployed. 

"This software, with expabes of mulisignal modeling, 
Aiagostic analysis, run-time diagnostic operations, nd 
ingligent interactive reasoner alin one package, sounds 
ke product ofthe fue. Buc this i exactly what Qualtech 
Stems, lnc. (QSD), of Wethefeld, Connecticut, provided 
to the International Space Seaton ew. Through the Saal 
Business Innovation Research (SBIR program with NASAs 
‘Ames Research Center, QSI developed complet mulsignal 
‘modeling sytem that aalyacs integrated systems daring all 
sages of product design and rintenance. This sofware 
package, which i commercially avaiable a the TEAMS 
(esebiey Engincering and Maintenance System) tol set 
‘an be wid so reveal utuntipated sytem lures. 

Tithe past, modeling systems could handle oly one 
signal, QST revolutionized the modeling proce by taking the 
‘common mede-baed approach and developing is into a 
‘mulesignal package. capable of providing complete diagno. 
Sicsolason fora ateyofaplieation ll based on 2 
common model ofthe yotem design and Wisosiccharac- 
‘ernie, The TEAMS sofware package i bron down ina 
fous companion tol: TEAMS-KT, TEAMATE, TEAMS- 
and TEAMS-RDS, 

"TEAMS-RT identifies the good, the bad, and the aspect 
components in she stem in elie. Ie repores system 
heal els from onboard est, and dees 2nd slats 
‘lure within dhe sytem, allowing for rapid fle nlation 
For xample, TEAMS-RT could be iting on computer in 
‘dant, Georgi, hats being fe data fom 10 ada ites in 
the southeastern United State. Based on TEAMS modes of 
‘he Various radar seems and the sensor daa arving oer the 
etwotk, TEAMSRT will automaticly detect and woot the 
Gilde fling commponent. The diagnostic eu ca then 
be poste ona we page for che system operates, equipment 
smanuacure, andthe onsite muntenancepesontel 

“The TEAMATE tool provides an imligent,dyparie 
rewoner to ffiienly drive che econ maintenance 
[procedure on a handheld or portable maintenance computes 




















Ground Station 


‘With TEAMATE, the maintenance proces is optimized for 
the ime or com, se thatthe root cause of dhe fal is 
ile in the law arount of time o forthe leat cot 
"TEAMATE alo logs each step ofthe maintenance proces, 
the ime requized to complete each ak and the res af ech 
maintenance ep. TEAMATE can takeover from where 
‘TEAMS-RT left ff and intligenl guide the maintenance 
technician dough the oubleshoting procedure, rpaie 
‘tions, and operational checkou 

"TEAMS-KB serve ata model management and collection 
teal fr various maintenance sts in addon to archiving the 
"TEAMATE logged data. For instance, TEAMS-KB stores, 








‘he rl Sp Sin as Quali 
TEAMS aaa meg tangy 
pc and mang ep ne 
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“site profiles” ining the suppor equipmmens, personnel sill 
level, and capabilites avaiable a vaious mamtenance its, 
‘TEAMATE then generate optimized rsionenance proceuses 
fees pacar maimenance ite with the salable excuses 
and capabilities After maintenance is complete, TEAMATE 
logs every aton/rsul ime interval back to TEAMS-KB for 
seco keeping, racking tending, and data siing appicn- 
‘dons, Iisaso applied in model management, scheduled and 
‘uichedale maintenance and technical data management 

"TEAMS-RDS (TEAMS Remote Diagnostic Server), the 
newest member ofthe companion tal, has the abit 0 
‘ntnuouuly asses system and slate any flare in shat 
‘stem or in componeney, a eal me, RDS incorprates 
‘TEAMS-RT, TEAMATE, and TEAMS-KB ina large-scale 
server archictute capable of providing advanced dlgnoatic 
snd maintenance functions ofera network, such asthe 
Tiwernet, witha web brownes user interac, RDS ia key 
alin technology fr emerging businew-to-businese 
‘eommeree ser marker service with unparalleled enpabiliy 
for remate monitoring diagnostics, expert guidance, and 
tnaienance logging, QSI fly expects age manicure 0 
bee bythe leading-edge telemintenance functionality 
sf this new software. TEAMS software i carenly ed by 
leading arosace companies sucha Sikonky, Honeywell, 
[BAE SYSTEMS, Bocng, and other. QSI sets porta 
‘mineral applications of te TEAMS sofware in industees 
such a plant machinery, automotive, bulding systems, utility 
‘ystems: medical equipment, il stems, home appliances, 
Information system and solvate esting. 
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— Batching System for Superior Service 
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ahancod understanding of computational requirement snd 
ter needs, The user fiend sytem alae rede dependency 
‘on system administrato and operators, allowing thems 
{cs ther attention on tore elevant activities, The 
‘lice expandability by aupporing the dribution of 
production workloads actos wide-aea net (WAN), in 
‘ein co the logis enanzation of pill separate 
‘comping yer. 

"Veiiants ete as proved a big sucess foe many large 
‘conportons including the Numerial Acrrpace Simulation 
(NAS) Fac. Afer installation of PBS, che xy saw 
‘stem ulzation rates amp fom 20 to 70 percent. David 
Lackner of the Atnes Conner Techology Office calla the 
PBS sotwatecommercalzaton a wue access ory He sid, 

becomes evident tothe American eapaye that thet 
invenment spaying off when produce ike PBS ate pun out 
and become commercially viable, solving el need” 


— Bitsy Thinks Big 





sunching sli i nou fr NASA ny moe 
i Somer lady hg 
hones hyo pce plano, Tht 
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ing ele pcs degassing anda nrc 
From ds coe mod own athe Bitsy ™ here cos, 
spanen an lle eine rien pec arent 
{i apc for rao no tage. Typical 
pein erly wt ere 
foe dion, command and ats handing comasi- 
Satin, nd idanc. Although the eer composton 
these ths ben the indy andar wo derop 
spec a ie deign arf rains ng a 
$5010 $100 millon daa thc mere cxpeniv snd dice 
tenn A pune dln eal ply peep 
‘ions bth concep hasnt brn ely secped n 
‘hese nda dew thetemendy hgh con of 
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Seapcca 
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“The maonpcecralt cote module may be wed in oun 
san ihn cintng ware bee once et 
‘pes reuements Balding om hi ree, AoA 








evelope line of atlite communication equipment sun 
‘sensor, and Lithium-lon batteries which at ll incorporated 
in complet line of misiorspeific eancepaceeraf The 
iy technology is ala hey component in AcroAr’ 
satelite inpection product and orbiel wane services. In 
the tue, Acro plane vo marker an eve lee expensive 
‘elon ofthe Biy technology The plan, which i earpeted to 
Unive mates sore of satellite in ki” for le than 
51 ailion. This technology would allow univer o build 
tue space adware fra fiction ofthe cot of launching a 
‘egulrstlite,Avlale lone a the core module compo 
tent, ofa complete spacecraft based onthe Bitsy sytem, 
the By kernel offers commercial customer Limite devin 
te ree the need of specie misions. 
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COMMERCIAL BENERTS-SPNOFES 
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— The Paperless Solution 





‘ear constantly moving cose to a papesias 
ocery at comnptrs allow uo ana data 
‘dectoically Though Stall Business 

Innovation Research (SBIR) cottct from NASA Goddard 

Space Flighe Cente, REL Systems, Ine, of Annandale, 

‘Virginia, rings ur society one sep closer to rei rm the 

all” 


Lal by De Barty E.Jaob, researchers fom Godda, in 
partneship with REI, developed asowate solution that wer 
the Internet to eliminate the paperwork ypically required to 
document and manage complea busine proces, The data 
‘management solution called Hlctonic Handbooks (EH), 
{is preteny sed for the ene SBIR program proceses at 
[NASA. "The idea," id Jacobs, “is dhat proces are regarded 
1 Tntrnet plays in which the characters of the play are 
physically dtbuted and communicate in che ply through 
‘Hectronic Handbooks” 

“The NASA SBIR application, which manages roughly 50 
percent of all new NASA contacts, is one ofthe lates, end- 
‘orend, completly cectonie Itene wes inthe Feder 


Government to date. Approsimatly two-thinds fall new 
technologie are developed by email businenes—ao svn 
time and money i crud. The EHB-baed pte fide for 
programs and projects whose wer ate geographically 
Alatnbuned and are invelved in complex management 
procenes and procedures EHBs provide Neibe scone 
‘ental and increased communications while maining 
sect for pte of al sine Though Internet Peotocal- 
sed aces, user authentication and wserbased aces 
testrictions, role based acces conta, and encryption! 
lezrypin, EHBs provide the level of security quire for 
‘confident dita wane. EHBs consi lectonie forms 
Sud menus which can be wed in eal ie a easeute the 
‘decribed process, There are only six bade elements needed 
forthe creation of an EHB: database forms, eport fms, 
mal forms, document templates, wiaed packages, and 
"EH we standard word processors that generate ASCII 
LHITML code to setup electron forms that are viewed within 
webbrowser: EHB rquie no end-use software dru 
tion iguificandy ducing operating com 
Each interactive Randbool simulate a bard- 
copy version containing chapters with 
‘lesrprione of participant oes in the 
‘online proces. For example, by visting 2 
company’ Inert address, customers lg 08 
to cei specified sea of dat business 
‘ltaate and find al ofthe forme nese fr 
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‘ taction including instructions. Coot- 

fom ate sent othe intended 
ecient and the database instantly 
‘updated. All submision ar archived and 
stored in secure system, without the need 
for paperwork. 

‘Alot any proces equiting entensive 
paper documentation can be converted to an 
EH perfoumable online ak. The EHB 
paradigm require viwally no taning and 
fan be operated on any computer with 
Terme secon. These characteris make it 
am atracive package fr utes of slat ll 
still levee 


‘in fy form 
‘ih chon gen i 
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‘Time and com svingsssocnted with RETs Eleetrnie 
Handbooks have simulated demand for a atic of applica 
Sion. "With EHB, wecan achieve roughly 2 one-ehied 
‘eduction inthe dime required co proces 2000 SBIR 
propo, while simukaneoly achieving a significant 
Increase inthe qusity and quasty of information tha is 
lll" said Paul Meacut, NASAS SBIR Program Mas- 
ae 

‘REL a offer the Dataase Genie eleted to ae the 
[DbGenie Ie iss middleware solution that simplifies the 
creation of web datbate applications sch a EHBs, 
[DbGenie users model deigned on dats specified ina 
premade HTML template, The DbGenie's scrips ae 
‘tives by dhe template and ae exible with elation 
modification and revision. Any databat-oriented 
{pplication for information gathering exchange, and! 
‘or publishing that haa geographically dirbuted 
ter eommnniy and can exploit he expesive 
‘opal ofthe web iva povential candidate for 
Datse Gene. This products connmecily 
_llable tothe private ctor and ie anther example 
(FRETS advancement toward paperesapplicsions. 








FAD have ately proven thee worth to NASA and her 
tranche ofthe federal government icing the Department 
of Jusie, Department ofthe Interior, Department af Health 
Sd Human Services, and Community Development Finan 
al Iettcion. RET alo continues wo expand upon the 

‘art commercial opporunitie in che pate ete When 
onsering the paperwork tha goes into che lds of lw 
‘medicine, seid insurance, REI alo highly pease technology 
an seduce mas quanti of paper waste, tine, and est 
‘while revolutonising she face of dats uaagement. © 
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— Business is Beaming 


ea bie! ea plane! 1s your Aoerne nerworkt 

As innovative sevice provider of metro gigi IP 

connectivy, has developed a poine-w-mulpoint 
solution osolve the Inernetfast-aile botleneck barter, 
“erabeam, of Seane, Washington has developed a Fibers 
Oprical™ Network that ransmits broadband dat rm 
‘lice buildings wa the nations wide-aea networks (WANG). 
‘without digging up the sees, 

‘Aey component of Terabeans Fibedes Networks Large 
Aperture Holograpic Opi technology, developed by Raleon 
Development Lab, of Paadte, Usk. Ralcon developed the 
Holographic Optical Element (HOE) technology with 
sasstance from a NASA Godda Space ight Center Saall 
‘asinet Innovation Research (SBIR) contrac. Tesbeam 
further developed the HOE technology and incorporated it 
inc its Fel Optical Nerwok—sending an iuenurble 
smounc of information seating oven. 

Data on the lntene ic set at api spends over thousands 
of miles on lang-hanl networks before eaching its fal 
‘desinaton. When the dat reaches urban erination 
ping, cust pas through» fal mile wo reach the customer 




















sie, The track that cari the data oer thi a ego 
journey is usually composed of copper andi low in bnd- 
wide, eaking in an information backup, or lati 
Totener flo to solve this problem use existing fiber 
optic eable leads. However, installing new o addtional fiber 
optic lead would sequite cul constuction perme, ste. 
tpenching and wl dupion 

"To combat shi problem, Terabeam developed its bees 
Optical Newark sing a propitary HOE we rant data. 
“The units mounted eat an ofice window and hat the 

ity to eam fe low-power, vile daa ehrough the ie 
1 gipbieeper-econd spends vo anywhere in the service te. 
CGipbieepersecond speeds are thoands of time fate than 
the peed of current broadband tranumssions, Thi allows 
business connect ro locl-aes necwoda (LAN) 2 wall at 
WANS, in a quick nd affordable manner. The Fees 
Optical Network is cout elective beease it doesnot 
requires licened spectrum, oF any ofthe other coy and 
time consuming procedures sociated with ether network. 
serps, sch a8 laying fiber-optic cable and prolonged 
depleyenen ime 











{tis projected thatthe broadband Inert aces market 
willbe $33 billion by 2003. Realising the potential af 
“Terabeami technology, Lucent Technologies jined forces, 
wit Terabeam to develop and deploy chi vevolonary 
‘pete, "Pero technology i developed that has dhe 
ower wo sgnfcandy change the landscape," id Rich 
McGina,cisiman and CEO, Lucent Technologies. He 
added, “Teabeans Fibers: Opie Netodk tern esc 
2 darptive technology. We ate pleated wo be working with 
“Terabeam to hep thet bring thei gisbitapend Internet 


‘One invetment company chow Tenens coaneciviey 
seework bens they needed to move large dts ls berwees 
theis West Cont locations. Terabeam’s network provided their 
basins with highapecd data accen tha wat inal in a 





he ie aly mn a fie 
dns tay hi pe 
Ii a aye i hear oro 
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mater of weeks, instead of macs. In an effort to mainsin 
the highest quale service, she Four Seasons Olympic Hote, 
‘Seanle, Washington, chow o provide guests wih hs ctng 
‘edge nexwork to allow them a connect wo their fies othe 
Internet a speeds 2,000 times Gtr than the typical tel 
dlabop connecins.Tesbeat ls provided its bel, 
‘Oprical Network service wo 2 variey of businases and plans 
to continue effort evolitonte the broadband service 
industry. 
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— Keeping Track Every Step of the Way 
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ofthe 10 ie centers, a well NASA Headquarter. The 
‘stem it capable of espporing ce llwing functions: 
planning commercial technologie: commerialation 
‘Scie: reporting new technologies and inventions and 
processing ad uacking inelecl property ight, Lees 
partnerships, awards, and succes stories NASA TehiTaeS 
‘ideale the Agency’ ongoing euion to commerciale its 
revolutionary technologies ina vatey of sector within 
ate industry. bth arspace and aon-arospace 

'NASA TaciTacS benefits not nly the NASA comaniy 
bu ak the peivate sector by aking technology eaner 
information available hough its NASA TechPinder web ste 
at chup/echoology naa gos. NASA TeehFinder provides 
‘ers with a eachable database containing almost 20,000 
publi sralable technologies A simple search by keyword, 
‘ae, NASA fld center, of ference umber, allows people 
nd business to easly view the many technalogy opportani- 
ties that NASA eutrenty oles private indus 

‘While Langley manages the system, running it effetvely 
‘eques the expense of KSS employers, swell athe 
‘cooperation ofall the Geld centers Each center provides input 
tnd tr actvlyinvaved in the yes itmprverent proce, 
‘Agencp-vide nvevement is unique wo the development ofthe 
“TakTacS softwar, making it shining ceample of how 
[NASA not only supports the development of innovative new 
technclogiy, but als ais in thet efinement. 

Both Langley Research Center and Kennedy Space Center 
‘nominated NASA TeliTacS forthe prestigious Software of 
the Year award for 2001, Recently, KSS lunched it cnmmet- 
lal inellecwaa set management sytem, KSS TechTixS, 
‘which is ined partculaly a universe and noe- profit 
Iaboratore. KSS and NASA Tech TincS exemplify the effort 
‘Of NASA and private industry working together to povide 
people and businenes with the benefit enjoyed fom the 
outarysiventoenn in aeropace research. 
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eo observation ayers have become common, 
urs in our everyday ves, Cameras mounted 
obscurely on walls, ceings, and even tli igh, 
‘aprte th average erin on videntape several ies a dy 
Banks, as stations, conveniene and ral stores, and fice 
bidings use video tems for busines, castor, and 
cmploye ley. Through iensing agrecment, Intergraph 
‘Government Solutions of Hunt, Alama, adapted 
technology originally developed at NASAs Marshall Space 
Flight Center for enhanced vdeo iaging, in developing its 
Valeo Anlyt™ System. Batco In. Display Stems, 
‘Dalath, Genes albo ha icensing agreement with, 
‘Marhall and incorporating the technology int te 
‘computer hardware, designed fr reabvime vido image 
‘ahancement, aailation, and uacking 

“Marshalls sient developd the Video Image Sesh 
ion and Registration (VISAR) technology to help FB agents 
analyze vdeo forage of the deadly 1996 Olympie Summer 
(Games bombing in Alans, Georgia, VISAR technology 
cahanced nightie videotapes made with hand-held 
‘camcorders, sevelng important deal about the explosion, 

Integra Video Analy Sate is simple, effective, 
and lfordable tal fr video enhancement and ana, It 
‘mnbines high-end broadeas-quaiy seems with an exy-4o- 
lean, ast endly interface. Curent the Video Analyst 
System is avaiable for ws wih Mirosof® Windows® 
2000, Adobe. and Premici® applications 

Many ofthe benefit asciated with the Video Analyt 
System include support of fll-soltion digital vdeo ame 
byfiame analysis sad the aily vo store analog video in 
Aig format Up o 12 hours of digi video can be stored 
and maintained for eclable footage anal, The pte ao 
Includes wate-of the-art features such 8 tbilzaton, image 
cahancement, and convolution to blp improve the visibility 
fof subject inthe video without altering underlying footage 

‘Adding tothe apped ofthis innovative technology its 
pcelperformance value. The coupling ofthe pts highly 
echnical wakaation abies with the cntlfcive 
‘Microoft Window 2000 operating system, provide at 
‘unparalled grape intenive video analy, Even anovce 
an quickly ler o opeste che pte, iminating the need. 
for conly video specialist waning, 

‘Adaptable vo many uss, Intergrapis Video Analyt 
System meets the singe demands ofthe law enforcement 
indus in the ates ofsurvllanc,eime sene foes, 
sting operations, and dash-mouated video camers. Miliary 
Applications include secu, vdeo fed from sera get 
‘lentifcation and confirmation, wespns deployment, 
damage asessment,suvellance and reconnaisinee ning 
tnd sion debriefing, The Veo Analyt slo ad sigs 
‘an vale tothe sophisticated survelance cere prevalent 
in the intelligence eld, With featutes chat enhancement, 
Image tracking, and the ability wo accep sonar data the 








tive Solution to Video ENHANCEMENT 












sytem gral enhances the we of selite or ei video 
‘The affordable, easy-to-use characteristics of the Lvergeaph 
sper benef both government agencies and the commercial 
rom stellt imaging to catching criminals, the collabors 
tive efforts of NASA and Intergraph Government Slutions 
thave brought another NASA technology down to Eat. & 
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— Making the EZ Choice 


hile mot of ce the need fr toolbox, NASA. 

saw the need fran optial contra tol kt 
A ABE pcalyel Mechanics Asecises, Ine. (AMA), of 

Hampton, Vins sronglyapreed and ceted an application 

shrough Small Business Innovation Research (SBIR) funding 

finan NASA: Langley Research Cente. The new EZapt 

software is user-iendly wool kt shat provides quick and 

logical solutions ve complex optimal concral problems. 

"Ay proces chat canbe mathematically formated inca an 
ordinary st of dillerendal equations wih constants can be 
‘managed with EZopt. Inca wlve mow genera linea and 
onlnear optimal conte robles through the use of 
allocation or differential inclsins nies mast basic frm, 
Zope converts proces data into math equations and then 
proceeds to utilize howe equitions to salve peoblems within 
ontol ystems. EZope succesfully proved ies advantage when 
Spplied to shor- term mission planing and onboard Aight 


‘computer implementation. 


AMA ea company thar provides dynamics, contra 
modeling ae sinultons soluions, a well a engineering 
assvance. De Hane Seywald, an AMA sinest and current 
tice preient, designed EZape around a theory ended 
“Tijectory Opsimization va DillerentalIncuions." The 
tric notion ofthe theory i that contol varsbes can he 
‘ersoved fm an optimal contol peblem focalatin, These 
‘conta ean then be eplaced with constraints on acceleta 
sions, within which the software works to sore a prem. 
“The theory provided the framework EZopt needa lor 
teducing the number of design panne involved in the 
‘optimitaton problem while at the same ime, peserving at 
‘re impeoving che convergence robusnenscbuerved in 
‘allocation. But how wil his software be wed outside of 
NASA? 

Zope hat solved mip tale engintrng problems 
Gace in numerous commercial operations. Mechta 
engineer se EZope to solve contol problems with robo, 














Chemical plans implement the EZopt sofware vo overcome 
sinstions with batch reacts and temperature conto. ln the 
emerging Beld of commercial aerepace, EZopt i able vo 
optimize trajectories for bunch vehicles and perform potential 
speceseionrkeeping wks. The software helps coma 
electromagnetic device inch autotonie indutr. Addition 
ally, numerous universes are presedy sing the softwar lor 
‘atlour academe and retesech pape 





tia fa Shae 


“The msecnt AMA is experiencing with EZap hale o 
further applications. DOCKSIM, she Optimal Docking 
Simulator, was created with the technology behind EZope 
‘Currenly; DOCKSIM is isegeated with the Internaional 
Space Sation te generate peal docking path for vs 
‘pace vehicle, AMA will ootinue outset EZope 
‘fiat wo present opinal coneel permite to 
‘computer who need curing edge conta olatons, 











he Space Shue generate an enormous amount of 
eat ding ital To protect the bunch structure, 
NASA has reseatched and experimented with ytiout 
s-protcting coatings sine the 1980s In the easly 1990s, 
NASA joined with Dow Corning to develop some ype of 
protection forthe Mobile Launcher Pf, she antsy 
structure, and othe valuable equipment exposed ts heat and 
‘hemical given of bythe Shut during liaE Through, 
sssitance from NASA Kennedy Space Center, Dow Corning 
developed the 3.6376 Fist Cure Hastome, a tong 
protective coating with applications in avait of Bek 

Previouly, NASA we sia coatings tha spl led 
tw adequately protec, which resulted in the fequest 
‘coating ofthe damaged area. Of paricular concer wete 
the preservation ofthe wether protection cura and the 
Iaunch pad tracer, which ceived most of dhe damage and 
‘eqsed econtng felling each launch. The enormous 
‘expen ofthis pet procedure led Kennedys Materials 
‘Science Laboratory ta investigate che pou of abaive- 
‘ype coatings An sbaive coating ia aerial that forme an 
Insulting char when expoted wo eteme bes. ei the char 
thar proce che undelyng coating and aura. The 
{nvetigations resulted in dhe creation ofa slicane ablative 
‘material known athe Dow Corning 36376 Fut Cure 
Haare 

By definition, an elastomer i material tha as 
siglfcant cic quits, In this eae, the 3-6376 castomer 
in 100 pecen slicone ate, gvng iran extemely high 
level of elt. The Fatt Cure Hlastomer docs not require 3 
primer coating. The materi is simply applied through the 
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Elastomers That Endure 


tee of pec paying equipment and veo Thee 
<evdepreces are provided some major benef 

"The new podact saves NASA money on mae 
ccjpment and bor Besse the new coating pap 
co ges, for nteres ate ete wo Pe he 
‘ce we srrounding the Lannch pd The decrease 
Strouns of cee and specie gay ehaiqus di help 
‘adic the amount of eenpey. The peony eed evel 
Spplction wo looper necanry—cce ew work le 
jelrmed, eer nt efpenda 

ss we sli cans le ie wae The Fst Cate 
later ede the rated tine free of he 
launch arecte berate of foes fuking operons 
“This meana tat NASA int beld up du wo epi when i 
comes tines lunch acces Shute. To da the pay 
iettbuached denee of excel mason widou he aed 
ferreting 

"The catomer cuneate inthe aaootve and 
aetepce duties al estan exepionalcaig for 
caine comprmnene real ow Contngs ene hat 
Sls prve tobe nective slant. The produc ais 
‘depend bene for NASA aed he commer wc At 
‘comme opportune expand the Fax Care Ebomer 
srl conte opie is unigoc and fice cotng 
teeta eo thoewho we 
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— Keeping Cool in Extreme Heat 


ne fous knot how wo kept cool even under 

xtreme high temperatures, NASA Langley 

Research Center ede lighoweight far that 
could esi er sucrralinegiy under temperatter 
‘aging fromm 123 ro +482 % fr its econd-generation 
Regable Launch Veicles (RLV). Langley’ RLV airframe 
dlign required ae insulation material for the uel tanks, 
‘hich are exposed to extreme temperate changes over a 
imate of teconde, 

"Through a parinership with Unita Lu, NASA Langley 
Research Centr created faa based on high empeanie 
resitane polyimide chemisy- The patented foam, nad 
‘TEEK, it non-eclsvely lensed to SORDAL, Ine, af 
Holland, Michigan 

"The new low-density foam can be procesed into forms of 
ed ofl erates such a honeycomb. Alo unique ite 
ability wo foam in place daring intallaion and repair 
operations: Most foam must be cu to fis cre tea, and 
then inserted and molded. This process aes time and 
‘ually 3 great dal ofthe producti wasted in the stempe to 
Fiche foam. The ne fou i diety applied vo the 
invalltion or repai ite, eliminating dhe excess foam that ie 
‘ypially cutaway and discarded. TEEK offers superior 
itnuation ad support quale, but ie gente abancage 
itsheat and flame resistance able. The TEEK polyimide 
foun met all of NASKs needa a lao managed to drastically 
reduce the weight ofthe RLY. 

'SORDAL recognize the vavous advantage ofthe foam 
ands potential applications, and decided dat the new foam 
‘would be + wonderful addition to SORDALS we of 
Composite aructues. Within sic months of receiving 
licensing, SORDAL crete a sucenful maketplace forthe 
polyimide foam. Many of the material already produce by 
the company ate compatible with the foam. “The addin of 
the NASA polyimide foam technology ia manual 
compliment vo out product line,” tes Dale Danver, CEO 
of SORDAL, 

“Thus fa, SORDAL hat focused commerciaization of the 
feat in the shipbuilding industry. Khas proven tobe a 
practi eleron for hall inulin, but cha umerous 
potenti pplcations in other fis Is projected thatthe 
Foam wl alto be used in aeropace applications, Gre-resistant 
construction matrals, and a wide range of consumer 


prduce che wil improve safer and enepy ficiency. Other 





‘opportuni te availble inthe tes of somosiveconingt 
hd sealants letra components, and recreational 
‘shipment. Delonte and aerospace contactors fave ued 
the fam beac oft use pial and chemial 
properties. 

SORDAL has introduced is new product in sever 
lferent forms, unde the ame “SOLREX” Beside the 
base foam, SOLREX can aio be purchased inter 
‘omnes or marine grade. K canbe preprocesed into 
teat and aatctic fam, or fated honeycomb or 
shapes. Microspherer ar lo offered. Presaly, SORDAL is 
‘developing » new product caled SORDAL Paper ™ The new 
‘prodact willbe ue in conjunction with the polyimide foam 
{o offer thermal protectin in various product, SORDAL 
antcpuer the ute ofthe companion products inthe aes of 
‘wireless communications fe rsitan garment, prosthetic, 
and in many others. 
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1 Takin’ the Heat 


hae do you gt when you 
ommbine Unitech LLC with 
NASA: Langley Research 
Yu ge an exnng new high 
temperate polyimide with versatile 
pplictions, Langley has Licensed this 
‘echnology to Unitech, of Hampean, 
Virginia and J.D. Linen, Inc, of 
(Cotes Mesa, Califor Through a 
‘Memoranda of Agreement (MOA) 
an i cere, Unitech i sling 
the new polyimide, RPG 

Dr. Ruth Pater, of NASA Langley, 
developed RPAG for aerospace splice 
tions. The material wa dvgned for 
re-ery vehicle and high-temperature 
engine components howevet ts 
‘ere nature makes f applicable ata 
‘molding, adhesive, coating, compote 
mati esi, fam, oli. RP46 can 
ath be Ebricated over ne oe win 
teolds, Unitech is cutentyeatching 
fora way to apply RP4G co injection molding, a proces that 
{orcs oe injects material ito 3 mol 

"RPAG presents 3 profitable option to manulicutes 
tecae the ene of manufacruing the ein andthe reduction 
‘neg time waver money Consumers ave money because 
PAG ia more durable than simile products. For istance, 
PMR-15, a predecesioe to RPAG, was suscepble wo 
tnlercracking when wed at a costing oe adbeive in high- 
temperate dations and often required replication, 
“The chances of microcracking ae sigiicanely reduced 
with RPAG bertse oft unatepssel ability to west heat 
iu eoosion, With temperate range of 150 to 700", 
iti icl ofind exn with sia hea eitane 
‘pubis. eis ao let ane than is predeceno, which 
Contains a ean carcinogen, The elimination ofthe casino 
‘ea males the peoduc fe for the consumer, the manuf 
‘uct and the environment 

Unitech isa ecognaed manufienurer of specaied 
zsting, sing, and paints. The unique combination of 
the MOA and licensing agreement means thatthe ampany 
‘an madly the propertics of RPAG co cette sperific needs 
oft cunomer. According to Wayne LeGrande,pesdent 
(of Unitech, the MOA allows his company to deaw on 
Langley’ experts as they further ealloe RPAG to commercial 
applications “Ica peter example of how research can 
‘make an effective eenmition ito the aherplace "Technical 
‘tsntanc is aio provided to Unitech under s NASA Space 
‘AecAgrement. 

Unitech, a client ofthe NASA Hampton Reads Techn 
ogy Incubator (HIE, has achieved numerous sales othe 
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ia ane ann eae maine ree of 
‘ae mal pain nif por aah 


pave sector, Of putea interes the lev a company 
{hat tated the produc for wes. potting material. However, 
the company was unable wo overcome acting problem unc 
‘Unitech chemise stepped in andthe company was sb to 
tesume its evaluation of RP46, 

Liquid and powder forms have been sold to various 
companies inthe aeropace indy, Unitech plans on farther 
"ppling the benefit of RPAG to automotive components, 
‘marine engines, dling operations, and Kigh-temperscite 
lighting and heating unis. Prsenly the gonerament wc it 
(ee vaio seropace operations sich a reuable atch 
hice, pace eploration systems, and advanced sreafe 
‘gine componena. The material cbibits adiional por- 
"is inthe areas of eerie and cet bouds, commer- 
il serowpace, automobile manuaceuring,comosion protec 
tion, and thermal inuation, 

‘Marine manuficturing companies have shown patcstly 
igh level ofr, Resins ed in earine environments 
‘wually fl quickly, hue REG withstands the extreme effects 
of heat and slewatercorosion. The use of RPA allows 
‘ompatic o protect their equipment, thereby lengthening 
the fe span Because ofits unique positioning with NASA, 
‘Unitech wl continue wo povie peat industry with 
castomizd applications ofthis ealahrough material. © 





— PaperThin Coating Offers Maximum Protection 5 


an you iragine a costing that with paper 
layer, pote your property fom sect Bie 
damage frm the ground up? Wessex lcorported 


tas recenly tae a technology chat wat orginally developed 
{fac NASA asa potetive coating for cera materials edi 
Iai for space vehides, and made it for we in 
spplietions such as building material, machinery. and 
‘Manaportion, The technology was developed at NASA Arex 
‘Reseach Centr ata protective coating for feb ceramic 
‘eamposies (PCO). Wessex, of Blacksburg Vagina, obsinad 
‘licen forthe PCC andi procending to further develop it 
Te numerous applicant, Wenexdecibes this innovative 
technology at, a guifcan advancement i thermal 
protection forthe aerospace industry” 

"The NASA develope atc environmentally safe, 
waterhated, and contains no solvent: May other Game 
‘etanant mater contain peoleum based component 
‘which can prodice wai saoke under fame, The certde 
‘component of POC do na pode any typeof ae free 
‘during exposure to levated temperatures 

‘An elaivity agents aturbuted vo POC emaable 
thermal properties Enisivty ie theelative power ofa 
surface to eit heat by radiation. This principe, long with 
PCC’ noncombustible material make, x what increas 
the temperature capability of undying imation fom high 
temperatures. Because the emisvty of the PCC helps radiate 
‘thermal energy athe uric, i reluces heat wansler wo the 
‘underlying materi. The cowing essentially reduces the 
Tikelhood of the undedyng material becoming so hoc ha it 





comabusts and thus inhibi the “Rashover" phenomenon 
om eccuring. 

‘Wess version of PCC can be usd to shield ceramics, 
wood, plasterboard, sel pes, Herland eter 
‘rate fom castrophie Fires, They ar extodinaly 
‘ough and exhib exllent resistance to cheemal shock, 
vibration, abeason, and mechanical damage. One hin layer 
‘of contog provides necearyproteetion ad allows for 
exible while avoiding exesive weigh deadvantages 

‘Wessex sold the PCC product wo Danser, Inc, of 
Parkenbusg, Wes Virgina, a producer of examictined 
‘commercial ducrweek, Sales have als been made to 
Encapeulaton Techoologis a manuienure who i applying 
‘PCC to venetian blinds to make dhern more fte-resant. 
ote the PCC material ean be wed ia the home, in the 
sage acs, where many volatile chemical at often stored, in 
the Kitchen ro prevent cooking snd appliance fre, ining 
to prevent chimney Bes, an lo 3 firewall berween the 
(page tnd the house. PCC applications could be beneficial in 
Sutomobies, wueks, boat, all, seorage lis, ed 
ighriefciie, x wel 

"Weer has developed several other coating for ubartes 
such at woods and metals and ic curenly working with a 
pli manure owse PCC on fiberglass doors. 
(Garren, ierplssdoot are extremely flammable and 
produce nriour sma in the even of ir. Fiberglass doots 
teeted with PCC: could be a low-cnt, lightweight alternative 
to the expensive, heavy wee fire doo cute arailable in 
todays maker. 
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1 More Than Just a Polymer 


seating low-cone pesca 
with exteuie liver and 
innpoved performance 


‘apablte one of NASAS gol 
‘Thanks to new Fail of polymer hat 
oe by the mae of FOR,™! NASA is 
fe step loner to this goal. Through 2 
Stall Busines Innovation Research 
(BIR) contac fom NASA Langley 
Research Cente Tito Stems, Ine, of 
Chalnsfon, Masschuses, made 2 
Aramaic improvement othe field of 
derowpce material, 

“TOR stands for Titan atomic 
Onygen Resnant polymers The new 
polymer comes fom 4 Lang 
developed pelymee technology, which 
tmarkra new cla of ercopece uteri 
that resi the enteme effects of ow 
Eanh esi (LEO). The need for 
material with hee reata properia 
is growing a tse stele te placed in 
LEO. When applied wo spccerat 
surface, TOR plymers protect against erosion cused by she 
omic oxygen snd adiation present in space, Other 
Polymers, sich a Teflon and Kapton @ ate subject co 
Alegraation from atomic oxygen and ultraviolet eatin, but 
"TOR polyrers se atone eaygen to cei advantage 

“TOR polymers contain phosphorous a provide grater 
resitance tothe effect of tric cnygen. When atic 
‘nygen and phosphorous reac, a protective phosphate ye it 
produced tha work o reduce coon without sxcifcing 
‘emia popes. Thi eacton i what makes TOR 
polymers etatant to ection, giving them asia perad of 
{pester than 10 time longer than other pyar, ach a, 
Kapeon. A lng tating protective arse means major evingt 
in the cowtofsaceenft mnintenance and the ie spent 
peforng repair, 

“Titan developed various procesing methods for 
sanuficaring the material, Because dhe polymer lend 
shemseves to diverse forms, they can be used for dvese 
purposes. The TOR family of polymer is offered inthe forms 
of powder, abesve ape, slution, ber, head, bi, ot 
fl. Fr insance, the fbes fom ofthe payer cas be 
‘sted ino dread for making invlation blankets, braided 
Barut in ethers 

While the obvious application of thi materi with he 
aerospace industry, an underying benefit i found in the Bik 
‘of elearoni, TOR polymers are ihre eitant wo high 
voltage, making them an excellent high-vly 
power generation applications. Ia another version, TOR, 
polymers canbe made electrically conductive, ln thee 
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‘hey can be ulized ia the eeatin of 
‘enon that act tthe presence of chemical and blog 
pens by exhibiting» detcrable change in elec 
‘conductivity. These sensors have spplicaions inthe defense, 
‘edie, and industrial vector since they can detect. 
substances by econing changes inthe rence of 
‘conducive polymers 
Dae tothe increased presence of voice and dar, 

‘wansmision, companies te focused on ways to eletivly 
‘maintain cei communications selter-TOR pelymers 
preteatan affordable option chat wll realy extend the ie of 
these caf, Is projected tat TOR tulad eee will 
save ladustty millions of dlls in annual tli insulation 

"TOR is feed at comple anil of poducthat 
addres a vary of LEO based pacer need. Titon ia 
leading materials product and proces development fava 
provides customer with perio eohtions, Titan ad 
Langley Research Cener wer only awarded the R&CD1OO 
stead foe che ear 2000— presente forthe 100 mest. 
technologically sigaicanc new produc ofthe yea ® 
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— Good Vibrations 





ice vibration ponies will information for 
products ins vary of industries, For example, 
sttonobile manufaciten meanteaurfice vibrations 


te acerain noite sources and wo eae di bake 
performance Sutfce vibrations provide sre 
{anufcrutes with valuable information about che treat 
aly of panels, erbine lads, and rita itera body 
‘omponent, Masia inarumencenanufacrier meanie the 
‘bration of dee nurument to conic pure of ound 

‘A Soll Business Innovation Resensch (SBIR) 
sponsorship fom NASA Dryden Flight Reseach Center, 
sined MeeoLaser, of vine, California, inthe development 
fof aselfalgoed ler vibromerzr systems, VibroMet, capable af 
measuring surlace vibration in a yarey of indus, 
provider information onthe structural interity and acoustical 
Shuracterties of manufaerted product, 

‘Current che rout eornmon device wed to meamire 
surface vibtion athe aceleromeer. Although useful ia 
Some sips scclerometr are general ine consuming, 
tnd eokwand vo operate. In oder to netute bation they 
‘ust be ntached othe atfce of the abject and wited to 3 
‘econding sere some cae, his tay actualy daropen 
the vibeton measurement On the other band, ser 
‘ibrometers provide a non-contact slenativ othe 
sccderometey,climinating the rk of an incorrect aleaation. 

MetsLasers earch and developmen f the vbrometer 
Jed tothe VibroMet system, which analyse quency and 
amplitude returned fem the susfce evaluation. Thi low 
‘ast, xsy-to-use sensor perfor vibration measurement fom 
‘decane of up t thie meters without the need for 
‘ndjuumen. The ate bear i simply pointed ac che target 
sd the sytem then wis a compa ler diode to iluminate 





the sufice and to subuequent analyae the elected light. 
"The motion ofthe surface eats in» Doppler shift chat 
measured with very high pecson. The Doppler shift 
‘hatates dat sured ware have» fied wavelength or 
ieance between two cre. Srply explained fa eabjec 
‘moving sway Gom the source, the sound wave wil ke a le 
Tongerto rach each cet and a perceived longer wavelength 
wll behead I contrast, if the subjet is aproaching che 
source, the soundwave wl met cach cesta ile exe and 
‘shorter wavelengh wl be persived. 

‘Nicolet Instrument Technologies, of Madison, Wisconsin, 
ue the bse diode vibration sensor technology i ts Orion 
[ser Doppler Vibrometer (LDV). The LDV is able wo 
‘meatur the salle vibration without the ned ot 
‘erupulousterup or wface preparation. The LD can week 
fom amos any uric and i capable of offi 
‘eawirement, Beaute Nicoets produc i exyto use i 
sea toa yariey of indusis. Common wes af the 
‘companys product ae routing applications, such as 
ftomotive drive afi, alternators generators and ties 
‘multipoint mesturements in machinery and modal analysis: 
tte yibesion eaeiverenes in srl structures nich 3+ 
beating sds tame membranes and mic-semsrt a well at 
applications in production tng, including hand vol 
‘tebe, dectric motos and piercer. 

“The collaborative llr of NASA and these companies 
hhayesefined the lier vibeomete inc a wer fend eoet- 
lfetive surface vibration measurement system. VibvoMet 
‘conser one of the many behind-thescenes wool that eat 
beteled on to atte the qual, rei and ery of 
creything frm stplane panes wo dik beaker 
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— A New Kind of Curing 


new cutng method using sutaratd ape 
placement (ATF) wih clon beam (EB) 
beam, predces combination known sn sia 


ccheam citing. Through a Stall Busines Innovation 
esearch (SBIR) contac rm NASAS Marsal Space 
Flight Center, Science Reseach Laboratory Ine (SRL), of 
Someril, Masachusers,ccated the ia stu e-beam euting 
technique, which uss low-energy clecteon beam pun to ate 
‘atiou composite uteri, The new proces ia vahabe 
teal the aetna, aetopace and automotive induc, 

‘While cbeam curing snot new, SRL use of low-energy 
sr or in stu ebeam cating i truly innovative. One 
itaportan benef ithe technique’ uration of room 
‘emperscurecuing, which eens the chance of snatching 
the thermal expansion coefficients of diferent materi. For 
inatance, metal and composites wil expand a diferent ets 
when hedted, bur the lowenengy e-beam gun reduces the 
‘panion diferent. Using low-energy gun als els in 
les xy shielding siguificany reduced capita css, 
relced faiity space, and increased proceting capabilities for 
Leger pars. However wings low-energy gun ao means that 
cach epe layer is wate individually because the gun ean 
penetrate only one layer at time 

‘Previa, wo separate lives were needed: one for ATP. 
and anther fr obeam or atolae cating. The e-beam gun 
oabines thee two nepe into ane proces Kidig the 
ded benef of potential fisterdhroughput, since ATP 
layup andthe cating proce ate competed athe etme 
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Unully she fis sep requived thatthe tpe materia be id 
out, fllowed by debulking under vactma bg. The wecond 
sep elle forthe cing by ether an autoclave for heat and 
presure ora highreneny e-beam. Anatole i like a 
pressue-ooker fr materiale hat need tbe hadenal, ot 
fied, before they ean be wed. Typically, ing an autoclave 
fan be expensive and time-consuming. Additionally. an 
tutolie cannot eat parts that ae unable of inde i 
‘The cots acited with the construction of beth 20 
stole forthe large coenposite part presen beng 
dlasigned and 2 building o howe, ae high. However, the 
ew in dn e-beam cing echniquc ean cue large part by 
dings low-energy e-em gun to an exiting ATP fay: 
tnd because this new sytem curs the materia sits laid, 
les power is needed. 

“The e-beam gun emits lower energy £2ys, which ae more 
asl shielded than howe ented by previous gc The lw 
ery sytem is relatively portable duet is ight weight and 
stall se, The gun weighs about 70 pounds and canbe enly 
‘mounted on a obotc arm or an ATP bad, Furthermore, 
these convenient developments hae not detracted from es 
capabilites The gun till deliver electors with eullent 
energy for compost par fabiation and bonding Since 
ing iscondacted during the placement of ape, age 
volume of ape canbe placed and cued in only ane step, 

Keeping withthe efficent nature of the new technique, 
asl econ pated aay shield ithe only other accewory 
‘equred, Portable shielding i comnpraielylighoweght and 
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conse fees lead panels on wheeled supports or edly 
salable cement blocs le ical added wo aleady exiting 
Faves when the EB system is installed. Portable shielding 
als contributes to dhe cos sing Features of this produc At 
‘uch a hal ofthe cou of developing high-energy EB 
faves invlve the consriction of conctee xray shielding 
walls and clings By clisinatng the need for high-energy 
EB facie, contruction conte ate significantly reduced 

‘While peimary applications are inthe aropaceinduy, 
Fate we forthe EB-ATP system inthe automotive industry 
ate anticpated. Chie is xpericwentng wth cis 
technology to develo x concep compote ca and may apply 
the EB cuting technology co the manufscrte of various 
atomoive prt 





Present ses ofthe EB-ATP inst cing sytem ate 
inmpreed with its exible and productive nature. In an effort 
vo advance the system, SRL ested a pial company, 
Hleewon Solutions, Inc, which sold and installed 3 simar 
fearon gun sytem for the Boeing Radiation Eft 
Laboratory in Setde, Washington. Sintss at Marshal ae 
planing on using then sta beam curing sytem to care 
pats wed inthe construction of rocket fel ans or reusable 
unk vices, Using the new product wl lead to reduced 
costs—and not jst pennies, but millons of dll. Ae SRL 
continues wo improve system, the coenpany wil continue 
te pevide innovative cing options vo both NASA and 
private sector manicures © 





ofacpint omed ne sT? 

onaecnrore imeat in 

‘lg oer mp site pha 
eigen ve 
Prisca 


!NOUSTRAL PRODUCTI MANUFACTURING TECHNOLOGY 














long-time vcean of NASA Small Batinest 
Tngovaton Research (SBIR) progam succeaflly 
incorporated an SBIR faded technology inthe 

commercsizatin of several products Sensors Unlimited, 
Tne, af Princeton, Neve Jee with SBIR funding fom 
[NASA Langley Research Cenc, Goddard Space Fight 
(Center, Marshall Space Fight Center, and the Jet Propuion 
Laboratory. developed monolithic foal plane ary lor nea 
infard aging, lnncrativetchnologes derived Got this 
development have enablltlecommunication companies (0 
‘opie exiting bandwideh in thee fiber-optic nerworks. 

“The Interne offers an infinitely expanding demand for 
informatian. Early we sea were oly text bed however 
am ince in technology led wo mare raphic-orinte ses, 
‘sling i ager volumes of dat, creating a ned for Ler 
Connections and increased bandwidth Sensor Unlimited, 
recognising these new requirement, developed ane: (I-D) 
tu two-dimensional (2-D) imaging arrays consisting ofa 
Highly relile InGaAc p--n diode ea photodetector for 
monitoring a varcy of appliations iacading single element 
device aplication in reeves 

"AD imager i competed of one-dimensional, linear 
array of phordiodes wo detect ight, anda readout iegrated 
Sireaie (ROTC) wo interpret the image A 2-D image ncades 
the sane ROIC, bu contains a two-dimensional atray of 
pPhotoiodey, increasing ight detection and dherelne, 
Peformance Sensors Unlimited developed a method of 
combining the phoradode ray and the ROIC monalidhically 
ian infrared image. The high-performance InGaAs aay 
inergrated with juncion Bald elec wansstor QFET) shat 
set ta evtcing dement foreach pac. Advantages of ach 
2 detector incl lw dat este, high quantum efficiency, 
{bnanosecond respons, and room eiperture operon, 

“The InGaAe 1D and 2-D arrays have many applications, 
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— Offering an Array of Improvements —————— 


Far empl, they monitor the performance of dese 
‘wavelength division multiplexing (DWDM) stems the 
proceso packaging many channels into single beropic 
‘le Sensors Unlined draws oa the example of pra in 
Tron of lberoptic cable to demonstrate how tiple 
watlenghs of ight ate separate fom one another, “With 
DWDM, ech of ehese colors ia separate channel carrying = 
separnte eam of data” Sensors Unlimited cornmercaly 
oles ta LX™ and LY™ Series InGaAs linear aay for 
{elable DWDM peformance monitoring, The LX and LY 
ray enable instrument module deigas with no moving 
ats, which provides for superior uniformity, ad Fs, near 
‘urputs hat remain able vera wide vermperatute range. 

‘Many infeed imaging strays ae hybrid devin. The 
photodetector utile in des yer ate interconnected to 
‘lion multplene eadout rye by either Cichip oF wire 
bonding A hybrid ayer i not che moan eficint sytem de 
tthe complex manufcuting steps and additonal handling 
proces involved, Sensors Unlimited ale produces linear 
‘photodiode aay for opal monitoring by incorporating 2m 
Ianorative sealable, manufacturing process, allowing 
ppreducrion capacity wo say ahead of rather need. Thit 
permit opal networks crploying the array o grow 
‘Propartionaey athe demand for high-speed andwideh, 
Sensoes Unlimited technology flies elecmmmunicaion 
provider? nests vo inerene bandwidth in order to support a 
high volume of werwork aff. A these ine, che 
technologies obtained fom the menlihc Fos plane ary 
Ihave the potential for reducing costs, while increasing 
perfomance fom Senses Unlined cutee product Hines 

“Aczoning to Sensors Unlimited pesiden, Gre Olen, the 
supporcof SBIR funding hs helped em build a echoolgy 
‘company with wemendous value. “Ata leading supple of 
InGae technology and product, Sensors Ualimited will 
‘continue tobe a dominant force ia the ber-opic industry, 
bene we make dhe reduct that allow high bandwideh 
Interne operations, which isan aes experiencing eemendous 
growh, We owe our auspicious sat the SBIR awards, 
‘which crabled sto conduct state-of-art reach and 
‘development and secure partnerships cat we need we bing, 
‘our technology tothe make.” & 
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— The Material With a Need for Speed 
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te manufacture. Casing ix done with the aplication of heat 
tnd ald pete, which resus in the formation of aon 
resitane polymer Duc w the nature of chi preparation, is 
(ly esy wo create age and complex pars using PETIS. 
“The chemistey behind the creation of PETLS iavalves the 
prepration of ligemen, or low-molecularoyeght imide 
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sata. The oligomer ate then capped with phenethyl 
Teis the low molecular weight af the aigomes that allows 
PETI-S tobe eatly procened 

Dua to its unique combination of bene, PETLS wll be 
ted in the development ofthe high speed cil transport 
(HSCT), «concep 300-passenger commercial plane that will 
travel ata speed of Mach 24. Because currently avalable 
metal ae tbo heavy and eannoe withstand the exreme high 
tempernure esuhing from ying at ach high spends 
‘ommpoite materiale made fom gaphte fibers and PETI-S 
sre necay These materi wil withstand the hes, and 
take the plane strong enough and light enough ta be 
‘conomicly viable. Without the characteris presen in 
PETI-, ie would be impouible to attempt the development 
ofthe HSCT. 

PPETIS wat the winner of the NASA Commercial 
Invention of the Year award for 1998, The material received 
Roarch nd Development magstine’s R&D 100 swat 
(Gytec Fibre ad lite have achieved huge cess with 
the nate inthe commercial aerospace indy. And a: 
supersonic cl transpreare fhe investigated by 
‘comamercial itcraft cari, the market potential of PETS 
wl oorinue to expand, Unique oppornite continue to 
present themteve in che ateat of leronic omspenent, jet 
opines high performance automotive application, and 
beyond. 
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—New Tool Creates a Big Stir 


ASA invenwoes and engineers are contently 
developing revolutionary new technologies, Jel 
Ding, sn engineer at NASA Mas Space Flight 
reed a ne selFadjutng pin tool for a proces 
known at ction wi welding The technology i joey 
licensed to MTS Stems Corporatio, of Eden Pre, 
‘Minnesota, and MCE Technologie, Ine, of Seale, 
Weahingzon, 

Frito it welding is a proces tht makes arsghtine 
welds without binging the parent mater vo qu wate 
“This is accomplihed through high-speed rotation, which 
penerats Fictional heat between the welding ool and the 
pce being welded. This het cases the ential to sla to 
the point of platy without allowing cto melt. The 
pltiaed material chen tranafered from the front edge of 
{he welding oo othe ral edge, where x joins the pieces 
being welded. However, a jor Qaw ofthis method its 
reliance ana singe piece pin tol, The weld eft unis 
tind hoe serine where the pin wat nerd, The ole must 
be covered with even oder ta peer the intesty f the 
weld. Using the new NASArdeveloped pin toa eliminates the 
‘eed for ths Gnishing step. 

"The fiction aie welding proces used in MTS and MCE. 
yer inchider the new elé adjusting teteacable pin tal 
“The pin snared between the wo pice of material vo be 
joined. Pasig back vo the original pint, che in slowly 

reracts bck int the tol. This reaction allows continuous 
revelling alse depths, unt the hoe is completely closed. 








Because che automatic pn wool make a 360g wed widh 
no insertion hols, thse systems have an advantage ver 
‘welding systems that do no itech oo. 

‘With this NASA technology, welding of higher aengsh 
alloys, a wells non-plancr and variable hikes structures 
‘an be achieved, and the technology i nw used inthe 
‘manuficuting of components for the Space Shute 
‘According to Jeff Ding, “Tie new welding proces wl low 
fer nonge and more reliable welds on NASAS Space Shute 
External Tank.” The retractable pin produce a moce able 
weld ofthe Tals metals that hae varied thickness. 

‘The new proces is a rea aucoe inthe private sect. 
“Friction air welding technology is revolutonising the 
‘abvicain industry” sd Mike Skinner MTS Busnes 
Development Manages for Advanced Manufacring 
“Techoology, He continued, “Ics already used vo mabufaceute 
Dee rockets, marine vsly and automebiles, and will 008 
bused for commercial aie Were sesing active interest 
foes companies weldwide” The growth ptenial is exciting 
and the adjustable pin too technology will ake many new 
‘plications fable 

"Carter, che new echnology i tized inthe 
smanufcuring of rrepnce and stra frames, Applications 
se projec lor the defense industry, and according wo Ding, 
the technology could be used to weld shut canisters sed for 
the containment of tadaseive wate. 
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— Rhenium Redefined 
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then powder to a high density and int the appecsimated 
tu ahape and dimension ofthe rocket chute, The lem wat 
then subjected wo dieing and contsineless hoc wontatic 
pressing, increasing the deny ofthe powder erally pat 
‘With the new manulicuting proces, borh production ene 
ane coms ae reduced while quay ie sigaiticemly increated 
‘The method enabled the company to delve we chemical 
rocker thustes to Glenn Rewarch Center, Not ony wa the 
‘ew method good for cating rocket thrusters bu alo for 
ther commeial purposes. For instance, Rhenium Alloys, 
The. wed es innoyative proceso manulcrre a rhenium 
hemisphere for 3 commercial custome, and can also cate 
‘her exer pat ax need 

Rhenium Alloys, In, makes chenium a racial ee in 
manulacuving elds, iclading the seroepace, nucle and 
‘lecrronic indie, with upoting opportunities projeced 
in medial intrumenion, 

“Tadd Leonhard, director of ehnology a Rhenium 
Alloys, In, ateibutes par of che companys success to NASA 
aa the SBIR programe: We would never have been able 0 
develop thee proces without the Btancial and technical 
suppor ofthe SBIR cootrac. The advice and encouragement 
Wwe recived from Glenn researchers wat [eli invaluable 

‘With their innovative new procsing capabilities, 
Rhenium Alloys, Ine, will continue vo remain a premier 


aba apple f then and hesium alloy produce. 
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— Hollow Retroreflectors Offer Solid Benefits — 





cngincer, and other technician inthe design, 
fbricatio, and charatetination of exyopene 

tetoteflectors for the NASA Canin Connie Infrared 
Spectumeter(CIRS)mision to Saturn, developed a hllow 
‘evotflectorechnology while working t NASA Goddard 
Space igh Center With 16 yet of NASA experience, 
James Lyoas tamed up with Paica Lose, also fom NASA, 
su seared company. PROSyatems, Ine, of Sharpsburg, 
‘Maryland, provide the opis community with an 
sltemative soe fr precision hallow rerorefliont 

etrrellector ar compriedof ue Rat miror bonded 
together tight angles w form a canes ofa cube. Thee 
‘asemblies ae uted a te-ineensitvenitror in stations 
‘where it becomes necetary wo maintain el down vo the are 
second level 3 very dificult in an unstable environment 
‘Una the Cain nisin, cere was no industry standard Gor 
‘nalosining alignment na thermaly unable cavionment. 
‘Although hollow etsoreflecom are mich moe dificul to 
‘manulscere shan che predecessor sold retzoreflectoes, 
‘arantges gained ake up forthe extra effort. Solid 
‘etroreflctors are mich heavier and cant dispersion. Hallow 
tetroceflectoe ae mich lighter and eliminate dipeson 

“The allow retrreflectors frou PROSyatema ae fr 
suvdace las subtests anembled to provide many advantages 
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over exiting hollow retoefetars and solid hast 
sexoreflctots. PROSystems offers hollow reorefletors in 
‘aes ranging foes 3 to 4 inches in diameter Previous to this 
‘new technology, some compact chose nat eo we allow 
texroreflecor die eo Large ean wide and Ls of egal 

“The tongue and goore facet design of PROSynemt 
exroreflector allows for an extemal sal sean width of 

001 inches Feedhack fom users very positive regarding 
‘this chaneeiaie. 

“The manufstusng methods of PROSystem generate 
val diameter hollow retorts wit anal beam 
‘deviation. Beam deviation isthe angle ofthe incoming beara 
‘erste angle ofthe outgoing eturned beam dely, che 
bear deviation is eo. The aa! beam deviation Goan 
PROSpres is noble, because asthe aperture diameter 
sinks, ts mach more difficult obain smal beam 
deviations 

"The design for oining faces allows a sable bond 
configuration overbroad changes in temperate. Thiseeaes 
‘table alignment within the stem where the retrorefletor 
is being used, dus ensuring che accel performance of the 
inamumentin i specified operating eoviroament. 
‘Additionally, PROSyatems wes ce lst mount design to 
{abrite cryogenic hollow rezoreflctors in applications chat 
‘equee a lang tempers ange, This gam mone design 
permits the metal-t-gas interface wo be emounted fram the 
‘eoreflcots ls sutrats, thereby cliinating distortion 
‘caused by the intra of ifleing material. The ero 
teflectoe’ wid in the Casini CRS instrument remained 
‘able at an operating temperature of 170 deges Kevin 

'PROSyates offers ts hollow reocellectors with a vsesy 
of contigs including protected gold, bare gol, prseeted 
‘ker, peotectd aluminum, and bare aluminum tof 
‘momen’ needa. Mont of PROSyatemd primary eunomess 
‘mount che hallo erreflcot in chrome sel bale fo ater 
tracer gets in applications such a scomobile 
teanufscriing and spacer aserably, Revel, 
‘PROSatems lo made sles ofthis technology tthe 
telecommunications industry for use in Ber ope necworks, 
‘The campunyaneipaes tue oppicatons ofthe bellow 
exvoreflecor technology in the commercial epetroniter 
‘marks, incorporating the into andard product 
‘PROSytems plans wo conde developing is erorellctor 
technology to provide the opis industry with the highest 
‘alt precision product avaiable. 


— A Winning Cast 





owmet Reseach Corporation, of Whitchal, 
Michigan, a leader in materia esearch and 
aeanuferirng technologies, waa the Bt 


ommercalne an innovative cate met technology developed 
‘4 Aubuen Universe, Auburn, Alabama. With funding 
‘stance from NASA Mall Space Fight Cente, Auburn 
Univesity Solidification Design Center (a NASA Commercial 
Space Cenc), developed acurste nickel-based superalloy daa 
Ger esting molten meta. Though a contact agreement 
lower tse the das ee develop computer model prditions 
sf molten metal nd molding eaters in cat metal 
‘manus 

Howe Metal Mold (HMM), par of Howmet 
Corporation Specialty Producs, of Whitcal, Michigan 
tle metal mold to manufictte ne shape easing in 
‘atiou alloys and amorphous metal (metal ga) By 
implementing the chermophyrial propery dat from by 
Auburn researcher, Howmet employs ts ey developed 
‘omputer model predictions to olfer estes high aly, 
lowrcou, products with significant insprvedtmechaniel 
ropertic, Components icted with this new proces 
Feplce component orginally made fom forgings bl, 
(Compaed with products manufscrued through traditional 
cating methods, Howmet’ computer modeled catings come 
cut op. 








Howes Whiehall lity i leading producer of 
complex eat urine oemponcnt forthe seoapace and 
indus ga-cubine indus Cat urine components 
inch Made, yates, and ther high-temnperstte hardware 
for turbine engines, Hawers commercial stones 
‘compeie slong and impesive Lit, which include names like 
(GE Airerat Engines, Prat 82 Whitney, Ralls Royer, 
Rockeuyne, and Honeywell According w De. Thomas Tar, 
Aiector of advanced technology for Howmet, “Applying the 
NASA and Auburn Universite research o eubine Blade 
‘ings hat enhanced our capabilites, helped us elite a cost 
‘ving. and acelerated the development eye for rocket. 
hardware” 

Profesor Tony Overt, dretor ofthe Slidification 
Design Center at Auburn Universi, notes dat many 
manufacturing proces (haped castings, cectonic ental, 
food procesing, chemical manufcasing, ce) equte 
‘advanced materials data to auppor improved proce designs 
= Wee doing the log range tesearch that int relly 
see to improve its final products” sad Overe. “Were 
benef the American publie~thase who pay fr the 
research aed te che produc” © 
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Technology Transfer 


NASA established the Commercial Technology Network to ensure that the 
‘Agency's research and development efforts reach the widest possible audience 
and have the broadest impact. By supporting numerous nationwide organiza- 
tions, the network helps U.S, businesses acces, utilize, and commercialize 
NASA technology. 

(Commercial Technology Offices at each NASA field center work closely 
‘with NASA incubators, Regional Technology Transfer Centers, che Small 
Business Innovation Research and Small Business Technology Transfer 
Programs, and others to succesfully serve private industry with valuable 
technology transfer activities. To keep pace with the dissemination of NASA's 
technology; the network will continue to expand its operations to better serve 
the Agency and the public, 

‘The following section isa condensed guide to the many organizations that 
comprise the Commercial Technology Network. Ie offers insight as to how 
the transfer of NASA technology makes business sense, as well as human 
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hile many of ws te ae withthe echncogies 
renting fom seropace resarch, we afin Gl to 
consider the vat army of outreach niece to 
IASA research and development efforts have contrib 
‘ed, The benefit are fa-eaching and ofen times allow 
those other than asonats to reach forthe ars. 

Ta he pas, vs imped students were unable vo 
cexpeience images from space But now, a nee book etd 
“inch the Univeric A NASA Bile Book of Atronemy 
combines ete lustraions wid images of planets, sar 
‘lstes, and nebulae capered bythe Hubble Space Tele- 
‘cope. The book was mae poaible by a ran from NASAS 
(ie of Space Science, and the efor of astronomer 
Bernhaed Beck Winchat, of DePaul University, Chicago, 
lines and authoe/astronomes, Noten Grice. Gece devel- 
oped clear tactile overlays foreach image-The velays were 
‘tt scence teacher and stonony esta, Benning 
‘Wentworth a the Colorado School forthe Dea and he 
Blind. Wentworth tudents evaluated image for datiy and 
provided impornanc suggestion. The remuling book contain 
tactile chermofoers pages, placed in font of the color Hubble 
Images enking che book apeang to ears o all vial 
bili, 

Retired NASA profeonas ae now applying thee ills 
to che medical indny-Enerpriing pace veterans who 
helped eeablich what we can now call the “Space Ape” ae 
editing their ime o Volunteer Profesional fr Medical 
‘Advancement Redes rom NASAS Jet Propulsion Laboes- 
tery work with dots and other medical profexioeas, 
_ateping to develop new medical vchnologes. The 
‘organization’ ulate goal iva provide homie with oe 
‘services that ae otherwise unaffordable To date, the gana 
tion can ain eet fora number of medial advancements 














— Ourreach Achievements 


including: using a wtent o salve a Mood-clot problem that 
ould cae heat tack: the preliminary design of a 
sutomate oxygemenichment system for premature infin: 
and the creation ofan advanced datbate peivate computer, 
‘etwotk for pediatricians, Now in ks teach yet the 
‘ngaieation look forward to upcoming challenges inthe 
‘medical eld 

“Another NASA outeach succes helps brit-injuted 
patients o explore the tars with the lik of a ose 
“Through 3 new inersceivehand-on program. patents 2 the 
Dela Rehabieation Fact forthe Severely Head-lnjured, in 
Snolomish, Wathingon, were able ro view ad download 
Celestial images through Tlecopes in Education 2 program 
sponsored by NASAS Jet Propulsion Laboratory. The program 
‘lows both educators and stident around the globe to 
Femotely contol racarh-grade tclacopes and charge-coupled 
device cameras tthe Mount Wilon Observatory, Mount 
‘Wilton, Calfenia ll hats neded is eamputer modem 
and the special srononiy software. As the Direc of 
Tnwernt Services forthe Brain Ljury Aatciation of Washing. 
ton, Paul Wal and his wie, Valarie teach bade stonomny 
te the Dele reidents Mr Wah wa inopied by the enuhut- 
tm of the andent and sensed thar astronomy could help 
wth the ebiliation proces, which involves aurunding 
pica with community and bringing life mulation to 
ther. Hoth Me. Wh and he poients te rly gratefl far 
the progam, “It ane af the bet dowa-o-crth Ken they've 
ver come up with The program ial abou ying people to 
the tar the young, the disabled, the ty bound, snd the 
imaginnion bound” 

‘While NASA teseatch i abways helping co spark 
technology, stn of that research helped bul the bass of 
wiles that seed che Wet in the summer of 2000, NASA. 








cients provided ie oficial with observations ofthe es, 
‘ure af the Modeste-reoltion Imaging 
Spectoradometr (MODIS) instrument, board NASAS 
‘Tena stele. NASA Goddard Space ight Center and the 
[National Oceanic and Atmospheric Adrsiniation provided 
‘xe ficial with aly images of Fs in Montana ad Idaho, 
the two states that ultimately alfred the mou damage 

“These image provided aif overvew ao where the Ries 
were moat active, allowing Geiger to plan each days 
‘Rttegy and allocate resources for monitoring ad baling the 
‘ames, Tera Project Scent, Yorum Kaufman explain that 
new stllite technology, at manifest in the MODIS 
Jngeument on Tera can be wsed not only to do new Earth 
‘ater scence, but ica lo be wed to belp monitor 
‘wis, save lives and property. and monitor ir quay.” 

Deelaped with the asstance of Jonson Space Center, 
the DeBakey Vetrcalar Asinance Device (VAD) is binging 
hope to patenes awaiting here rampant. D. Michael 
‘Detiakey led tam of Johnson scien aed medical 
specials vo develop che miniature hear sui pump, which 
i bse pany on technology wid in Space Shute fuel 
‘pmps. The VAD helps paticns whose hears cannot pump 
‘licen blood to maintain adequate Blood flow while 
‘covering fom heart surgery, wating fora bert ranspant 
‘orforsvaviey of ether medical rons, Iris estimated that 
‘more than 35,000 patents year could benefit om this 
‘pump. Prsend, ore 2 milion people sulle from coagesive 
Fart Glue and a pump such athe VAD could luo sista 
lane portion af thse patient. While etlin clinical wil the 
pimp ha een placed in a many a 100 people or a 
long four mond, The pump gies patient at extension 
cn hope as they walt for 2 heart donoe MicroMed Technal- 
(gy Ine of Houston, Texas ic the exclave Lense and 
‘manufacture ofthe DeBakey VAD. 

“A young Texas boy was Bialy able to enjoy the eure 
‘hanks to NASA echnolgy. Canli Hick of Magnolia, Texas, 
talfr foun frre din dieses that cote severe ection 
to che Su and even ight indoor ight, which exn ee hi 
body temperature to fal evel. With heb of NASA 
technology from Johnson Space Center andthe Hypokidroic 
Ecodermal Dysplasia (HED) Foundation, Cardi ecived an 
‘ler-violee(UV}-protetion si tha allows him vo go outside 
and emai protected fom harmful light. HED ira diene 
‘here the vei lacks eat glands wich ea ead wo eat 
stroke, hea exhaustion, and even death. The sit conse ofa 
‘white jacket, pants, loves, headgear, and pogles. and 
protects the skin fom more thas 99.9 percent of the Sus 
‘UV rays. NASA and HED have wosked together since 1997 
‘to provide che pei site to children who need them. 

‘More than 15 milion Arran ate allicted with 
diabetes. Thanks to NASAS viral reality technology, many 
‘ofthese sufleres may experience a pew treatment inthe self 
‘management of the dase, NASKs arifcal- vision technl- 





‘gy cat help patients ard oe nerve damage ssocaed with 
‘dbs to vstalze and control blood law eo hei arm and 
lege. This new application of vial reality el frm 
sever year of research aimed at enhancing aviation sey 
tnd combines wo technologie: enor o menue the bodys 
‘actions, and poweeul compute rapist turn those 
‘measurements into a3-D vetua evizonment Researchers 
hope dis we of selFmanagement, or biafcdback, wll help 
iabetes patents ean to evenly contrl thei ood flow 
‘without the use of che viral ely device. 

“An ingztbe capa is becoming a valuable oo inthe 
ingnoi of disees in the small inetne. Invented a 
[NASA Je Propulsion Laboratory, the capsule wes image 
sensor and high perormanceimage-caprue technology, 
incorporated into pil orm. Photbic Corporation, of 
Pasadena, California owns the ights wo the NASA-deveopad 
technology which ssl undergeing clini se The pall” 
‘btsins color video ofthe gatrinteninal wack ait makes 
‘way though the body. The images ate tana toa 
‘computer woataton, where they are viewed by medial 
profesional who we them to diagnose gutsinestnal 
‘seae. eis hoped that this development wl len the need 
Tor says and invasive endoscopic expleration, both af which 
can cate patent discomfort. 

'NASA is continual raking igaifiane rides co 
provide for the well-being ofthe Earth and ies eden. By 
Using is esouce to ceate revolutionary technologies, NASA. 
inetring the lives of people everywhere. 











— Educational Frontier 


ince the inception ofthe Space rogram, NASA has 

made a aubwenil commitment to education, A 

highly kod worforee, competent in mathematics, 
science, ngincering, and technology, is uci to dae sucess 
ofthe Ageney. NASA hat been an sctvepatcpant in 
slementry. secondary, and higher level education fr decades. 
“This section leatures NASA’ ffors vo motivate teachers, 
sclucators, and the community. and to highligh ther NASA, 
‘educational activities and programs. 

"NASA places get vale on hands-on education and 
encourages programa that offer tel-world experience. The 
[NASA Student Involvement Program (NSIP) ia national 
program that inks students det with NASAG various 
sarc, exploration, and discovery isons and gives them 
the apporunir to lar cence by pancpating in eal 
‘mlssions. This yea, high schoo students fom seross the 
country participate inthe NSIP igh oppartuniis 
competition. Four seaden teams, thee teachers, and advisors 
teaveled w NASA Gaddaed Space Flight Centers Wallop 
Fight Facliy Wallop land, Vegas, where hey launched 
their expetiment aboard a single-atage NASA Orion sound: 
ing roche oan shite of ene than 28 eile. The exper- 
‘ments parachuted into dhe Antic Ocean where they were 

















second ad tamed to the ens dha se day or 
‘abs The dene eweipaed serio fae pce 
Aigh vehices sud theeency of ec monn dsiog 
socket High, neared atmunpber consist and 
tethered dats. the sounding rocks High viconmens fora 
‘viel componion, Fou addinal eden es mea 
“ills o inert hi experiments a «Space Experi 
Module (SEM) fo fight onsite Space Shute isin. 
“The sudents worked with Wallops pronnd nthe Space 
Shute Sal Pylonds Office ott thi experiments elore 

egaing the projets wid che cai fo igh “The 
pupowe ofthe compesion is provide high choo dens 
oppo ta ok what hy have eed in he clr 
‘oot ad api the rea-weld evtonment ak Lyon 
Mara, NSIP Ofer at NASA Headgears, Washington, 
DC. "We hope that then ivaved inte Bight stk 
234 pov eee nd pe care in ce 

“Aworahop bot by NASA Jt Propubion Laboratory 
(PL), Paden, Califor, brought oper two word as 
view the sas dicen A group af 17 emeeay ond 
Iecondty eduction etches rots Native Ari ee 
Sinan Now Mexico and Arona patted inthe two. 
eck workshop eld ae JPL Eductor Resource Cee in 
Fomona,Clioenia. NASA seni eng,  eearch- 
ccracryed gu apeaen athe wks, which was 
dlsigned to ip th ductors develop an ston plan that 
supports andar ded aching al ring i aera 
ice eence,echnclgy, and geography, while prcrving and 
celbaing thi ich Native American waiions, 

Tov the public ona space yey ian snl event 
foc JPL Once et, the Center tks ection beyond the 
claro and invita shown of people fal gs en 
round he county to our the fxn frabebind abe aces 
lon at NASA le eater for oboe pac explosion 
Strscaed around he themes of technology, Enh, Marthe 
solar tem std sas ad palais, he ot hoes 
‘rerything fo vil ying leo, 0 bing yout owe 
‘pacer having your pec taken with an nar ight, 
2S wel at he arn chological advancent, Those wh 
Cannot plyily send the Open Hose, have the oppor 
tet aban viral or a eben, Theande of 
propl rom rund the country had the chance ovew the 
Arce, which etd dives inp of wien and 
{gine coin ge rvacher, nd ven Kid who bu 
‘he own oboe through a NASA progam. 





Another NASA program ithe Sola System Ambastadors 
Progr Coordinated by the Jer Propulsion Laboratory. one 
ofthis year evens by ambassador volunteers om Victoria, 
“Teas wat patking oc elar telescope viewing even. The 
ambassdon invited ction embers ofthe corny to 
ome to anaes patking ot on Space Day to view nepots 
through telescopes equipped with special lies, Space Day is 
day devoted wo the advancement of science, mathematic, 
tnd techoology ueton, Becaethe Sun iv nt viewable 
without de special Ger, che even gave dhe public a unique 
portunity to look a i sfly and lara mote about his 
‘scion star. The Sola System Ambassadors Program 
curently conists of 206 sbassador in 48 states and one 
US. military base in South Korea. Ambassador Program. 
vents are held yeur-round and reach more than 500,000 
people anally, 

Another event sponsored by NASA proves that earning it 
fn, To thousand high schoo students and 49 atudent built 
robots tak over the Los Angeles Sports Arta for the FIRST 
(For inspiration and Recogition of Science and Technology) 
Southern Califenia Regional Competition. Cenpet with 
‘eferes and cheering crowds, the rors duke out and put 
tn a show demonstrating ther abil, FIRST ia non-proie, 
tnpnicaton whose tien is generat an interes in 
sclence and technology through bore competitions chat 
inl hands-on stv and earwok 

‘Anew summer progr eker a acvel approach to uter- 
elestoom research, This yar, NASA introduced is Under 
saduateStudene Research Program (USRP), USRP wat 
Aligned to increase the mations science, engineering, 
‘matheritic, and techoology al bein undergraduate and 
spdate programs. The program aim ta provide audents 
tit challenging goahorened reach expeience designed 
{ostimulatescdemic interest in these elds, USRP atacted 
‘over 1100 applicants fom actus the country. Some 100 
inudent epresentiog 70 of the nator calloges ad wives 
‘ex putcpated inthe progr. 





‘One ofthe mow exciting education initiatives isthe new 
[NASAesplote program. Operated by dhe Mahl Space 
Fight Center Education Programs Department on behalf of 
[NASA Acrnpace Technology Enterpie and the Human 
Exploration and Developmen af Space Enesprse, the 
progam provides fee educational materi 0 educators on 
‘weekly basis, Offered online at hep. tacsexplre oem, 
‘he material ae printable and downloadable The inane 
‘ra founded vo generate further imeres and undetanding in 
‘urtent NASA research within these enterprise by dse= 
‘ating letting materi vache Intemet. 

"ASNASA continues ite comunitment to space exploration 
and cutting-edge technological advance that benele the 
‘American people i wil alo cootoue offing programs that 
Serve wo inspite, motivate, educate, and prepare generations 
fran optim fare. © 
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he NASA Commercial Technology Program sponsors 
a nusber of rpatization around the counry that, 
se designed wo anise US. business in acesing, 
lizing, and ctenmecalizing NASA-funded racach and 
technology. These onganizations work cluely with the 
(Commercial Technolgy Offices, located at cach ofthe 10 
[NASA field centers, providing fll ange of technology 
‘tuner and comnetilzaton sevies and auistance. 
“Technology Taner Network 

‘The National Technology Tenner Center 
hup//ww.atcedu> located on the campus of Whecing 
Jesult University in Wheeling, West Virginia, was established 
bby Congres in 1989 vo strengchen American industry by 
providing acs to more shan $70 billion worth of felealy- 
Fandel research. By helping American companic we federal 
technologies, NTTC helps chem manufacture produces, 
create jobs, and foster partneips berween federal aborto- 
tie and che pate sector universe, innovators, and 
‘conomic development organizations. From chat mission, 
[NTC has grown into a fill-evicevechnologycomnmescia- 
ination cen, In addition vo providing ccet to federal 
technology information, NTTC provides technology 
‘comtmecsition taining: technology atecument services 
‘hat help guide industries in making key decions rearing 
itll propery and licensing and asiance in Binding 
stetgie butnen partners and electronic busines deveop- 

ITC developed etd management ote for NASA 
‘hats the formal reporing and racking sytem for panes 


ships being developed between 
| om 





[NASA and US. industy The lade 
‘stem allows all member ofthe 
[NASA Technology Commetciliza- 
tion Team to have an eaytouse and 
flecive too acest and track 
leads in onde o bring thes 10 
patinerdips, NTTC als ues the 
expertise of rationally second 
technology management exper to 
create and offer technology comes 
‘allan training, Coutetopicx 
‘ange fromthe baie of techncogy 
‘wafer to hands-on valuation, 
eptiton, and lensing. Courses 
ae doeloped at NTTC and around 
the coun. ln addon, online 
coun, supporting publications, 
‘comprehensive sftae applications 
and videotapes ate also aaabe 





-— Commercial Technology Network and Affiliations — 


[NASA Techn <hup/technology.nasa go> provides 
access to NASAS technology inventay and etmerous 
trample ofthe succeafl ander of NASA-sponeced 
technology for cometclizaion. Technet, the main 
festre of the Inert it, lows user to each technologies 
ad steceat store, a wel a sub equet fo adiional 
information, All NASA field center smi information to 
the TelTacS dative aa eane of eacking technologies 
that have potential for commercial development. 

‘Since their inception in January 1992, the six NASA- 
sponsared Regional Technology Transfer Centers (RTCA) 
Hive helped U.S. busineses investigate and ute NASA and 
‘othe federally-funded technologies for companies seeking 
‘ew produc, improvements to eng products 
solutions tech problems, The RITCa provide 
technical and busine saance to several thonsand custo 
cenevery yet. 

“The network of RITCs i divided a fallow 
Far West (AK, AZ, CA, HI ID, NY, OR, WA) 

“The Far West Regional Technology Teansler Center 
(EWRTTO) chuep:/wwrmateedu/depUengineeing/ TTC! 
NASA» isan engioering reach centr within the School of 
Engloeting athe Univesity of Southern California in Loe 
Angeles. Uing the Remote Information Service vo generate 
information fom hundsed of fderal databases, FWRTTC. 
stall work closely with business nd entaeprencus 
endif opportuni, expertise and ether necsar t- 
scutes. The FWRITC enhances the relationships between 
NASA and the private sector by offering many unique 
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services, such 2s the NASA Orline Resource Workshop, 
[NASA Tech Opps, and inks to funding and conference 
update. 

‘Mid-Alantic (DC, DE, MD, PA, VA, WV): 

“The Technology Commercilzation Cente (TECC) 
<hup:Iwnescecenerog> located in Newport News, 
Virginia, coowdintes and ais in the rar of markeable 
technologies, primaly fom Langley Research Center, to 
private indus intereed in developing and comnmecai- 
Ing new products, 

‘Mid-Continent (AR, CO, 1A, KS, MO, MIT; ND, NE, NM, 
OK, SD, TX, UT, WY 

"The Mid-Continent Technology Tanfer Center 
(MCTTC) <hups//wwwemenecoml>, under the dieetion 
ofthe Techology and Eomomie Development Division of 
the Tens Engineering Service, is locate in Calle Staton, 
“Teas The MCTTC, which provides slink beeween private 
companied federal aborries,repors dire eo the 
Jobson Space Center. The asiance feces on high-tech 
and manufsrurng companies that need wo acquit snd 
‘cemtnecalie new technology. 

‘Mid-West (LIN, Ml, MN, OH, W?: 

"The Great Lakes Industrial Technology Center (GLITEC) 
<ul womnbattlleorpglitee>, managed by Batlle 
‘Memorial Instat, is located in Cleveland, Oo. GLITEC. 
‘wor with indus primarily within iat epan 0 
‘gute and use NASA technology aod expertise, perially at 
the Glenn Research Center Each yea, oer 500 companies 
‘work with GLITEC and it afline o identify new maker 
and peodics opportunities. Technology-based problem 
telving,prodact planing and development, and vechnology 
‘omnecaiationaitance are among the services provided. 
[Northett (CT, MA, ME, NH, NJ, NY. Rl, VI) 

"The Cente for Technology Commeciaiation (CTC) 
<hupetworteong ia non-potc organization, bated in 
‘Wethorough, Masachases. Covering New England, New 
York and New Jersey, che CTC currently has igh sxline 
fics that fore song eationships with Northeast indus 
uy: Operated by the CTC, the NASA Business Outreach 
(Office sinlates busine among ronal contractors, NASA 
‘eld centers, and NASA prime coneactor. 

Sousheat (AL, FL, GA, KY, LA. MS, NC, SC, TN) 

"The Southeast Regional Technology Transfer Center 
(SERTTC) <hups/wowedigatechedalaasa athe 
Georgia Istint of Technology Bites and coordinates 
private industry interes io the waafer and commerlica- 
ton of technologie eng frm NASAG space and Earth 


science eseatch,Asitance ix al proved in SBIR ane 
STR applications at wel ache exablishmene of connec- 
tions wo speilzed research nes within NASA RACD centers, 
atone, 

[NASA Incubator Progeams 

"Ten NASA incubator at included within this nerwork of 
progeans. They are desiged vo namute new and emerging 
business wid he potential wo incorporate technology 
developed by NASA. They offer a wide vatiety of business and 
technizal suppor services to increase the acta of prscipa- 
ing companies, 

"The Aries Technology Commercialization Centet 
(ATCC) chup/letoservecar nasa govlincubatochuml>, 
located in San Jose, California, provides opportunities for 
stare companies to utilize NASA jes The ceomet 
tess hbtormathet approach tha takes te technologie 
‘put of Ame Lbs and pais hat technology with appropt- 
ate matteo create and foster new industry and jobs. The 
incubator helps butnens and entrpreneust Bad NASA 
technology with commercial pote. then provides aces to 
‘nexwork of busines expens in marketing, ele, high-tech 
‘management and operations, Ginancing and patent snd 
‘cnporate law The ATCC alo fers low-cost fice apace and 
ther arp service 

BisTech chepliwwwbitech orp, of Huneille, 
Alabama, sll busines incubator allving participating 
‘companies acres co service at Marshal Spc Flight Center 
Laboratories for easily testing, proteype abviation and 
‘advice on techoology urge and tana Bi Tech i sponsored 
by the Huntille Madison County Chamber of Commerce 

‘The Emerging Technology Centers (ETC) 
<hup:ilwwnetcbaltimorecom>, located in Balimore, 
‘Maryland, i one ofthe newest NASA afiitd incubators, 
Partnering inaitutons include the Gadd Space Fight 
(Center and area universes and colleges 

"The Herida/NASA Business Incubator Center FNBIC) 
hus: rtd onal ea joie pattnerahip of 
NASA Kennedy Space Cntr, Brevard Community Calle, 
and the Technological Reseach and Development Authority. 
‘The miaion of FNBIC ita increase the number of veces 
rechnology- based smal businases originating in, developing, 
in, o locating to Brevard County, FNBIC offer apport 
Galice aed programs to sin and ernie new ctreprene 
in the exablshment and operation of developing venture, 
based on NASA technology 











(Cominued) 


“The Hampton Roads Technology Incubator (HRTD, 
huspilworhrincubatong> identifies and licenses NASA, 
Langley Reearch Cenerechtologies for commercial ie. 
HIRTTs mito io increase the number of atconl 
technology-based companies originating in, developing in, or 
‘locating tothe Hampton Roads ae. 

“The Lewis Incubator For Technology (LIFT) 
-hup:lwonlifin.org>, managed by Enterprise Develop- 
tment, Ine, provides auteanding resources for vchnology and 
‘tpporto busineaes in the Oho regio. Is pimary objec 
ter ate to crate bsnenes and jobs in Ohio and wince 
the comme value of NASA knowledge, echnology, and 
‘expertise, LIFT offers a wide range of ervices and flies to 
the entrepreneur o increase che pobsbly of busiest 

“The Missisppi Enerpie for Technology 
pe /wnee.og> i aponsored by NASA and the 
Mistuipp University Conse and Department of 
Economic and Community Developments wells the 
private sector, The mision ofthe Enterprise ito lp stall 
Trineses tie the weenie knowledge and tchaiesl 
‘expen atthe Stennis Space Center. Asigifcant par ofthis 
‘oes Sena? Commercial Remote Sensing Progam 
(CRSP), which was formed vo commerialze emote ening, 
_eopraple information systems and lated imaging teh 
neopia, 











— Commercial Technology Network and Affiliations 


“The NASA Commeralisation Cente (NCC) 
<hup:/fwenasincubstnreupomons edavhome hems, 
‘un by California State Polytechnic University, Pomona, 
busines incubator dedicated wo belping all bisinenes, 
ccs and commercial Jet Populion Laboratory (JPL) and 
Dryden Flight Research technologie. 

“The NASA Ilinois Commerciaization Center (NICC) 
<tusp:fmsatlinoorg> seve the Chicago region. 
‘The NICC iea partner of te Glenn Reach Center and 
GLITEC. and is tmed x ststng companies with the use of 
NASA techology a well at eablhing new companies ia 
lines bu from NASA technology. 

“The UH-NASA Technology Commercialization Ineubs- 
tor chupelfwwwzesearch uh edulotn/ineUHL_ ine home 
‘hubs ia partnership berneen NASAS Johnton Space Center 
and the Univesity of Houston. The incubator is designed to 
Help loa small and mid-aned businese corimesile space 
technology. The Univeniy of Houston houses the ogra 
and provides the commerialntion and research eapertize of 
ies busines and engnerting fcc, 

(Other organizations devoted tothe rane of NASA 
technology ae the Research Tangle Insta (RTD) and the 
MSU TechLink Center. 

RTT chp! weston, located in Research Tangle 
Park, Nowh Carolin, provides range of techology 
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management service to NASA. RTI piforms technology 
asteamen to determine applications and commercial 
potential of NASA technology at well a market analysis, and 
omametcalization and parterhip development. RT works 
‘osely with all of NASA Commercial Technology Offices, 

“The MSU TechLink Center cup: techliak me, 
smontans.edul>, lated at Montana State Universi 
Boueran, was tablished in 1997 to match the wchnology 
need of client companies with exoures thoughout NASA, 
2nd the feral laboratory sytem. TechLink focuses on a fve- 
sete region that includes Idaho, Montana, North Dakors, 
South Dakora, and Wyoming, Working dosly wid publi 
Private and unveniy programs, TecLink provides ongoing, 
‘ippartin the proces of adapting, integrating and commer 
‘ling NASA technology. 
_Ailited Organisations, Service, and Products 

“Ta compliment the specilvd centers and programs 
sponsored by the NASA Commercial Technology Program, 
Mite ongaizaions and services have been formed to 
‘ttengthen NASAS commitment to US, business, Private 
and public ecto enterprises build upon NASAS expeience in 
technology ander inorder eo help withthe channeling of 
NASA technology ina the commercial marketplace 


“The NASA Small Businst Innovation Research (SBIR) 
Progsam chupe/iwwwabic eas gor provides ted oticy 
10 US. anal busines for developing innovative concept 
that meet NASA mission requirements. Each yar, NASA 
invite mall businenes to fer propos in eaponse to 
technical opis ised in the anal SBIR Program Solicia- 
tion. The NASA field centers negotiate and award the 
contacts, and monitor the work. 

"NASA SBIR Program i implemented in thie phates: 

+ hate isthe opportunity o etal the eb 
ad tecsical mesic of proposed innovation Selected 
‘ompesively, NASA Phase I contract lst si months 
fd must ema under specific monetary lin 

+ Phate Is the major esearch and development effort, 
‘which cootinoes the mot promising ofthe Phase 1 
projects hae on sien and echnical mest resales 
of Phas I, expect value NASA, company 
‘apbiliy and commercial potential Phase I places 
pester czophass onthe commercial value of the 
Innovation. The contacts are untaly fora ptiod of 4 
month and opin nut not exceed spied 
‘money init. 

+ hate I ic the proces of completing the development 
fs producto make it commercially available, While 
the nancial esoures needed ent be obtained Goma 
sours ocher tha the funding set aside or che SBIR, 
[NASA may fund Phase IT activities for fllow-an 
development or for production ofan innovation for its 


“The SBIR Management Ofc, located atthe Goddard 
‘Space Flight Center, provides overll management and 
diet of the SBIR Progra, 

"The NASA Smal Business Technology Transfer (STTR) 
Program <hip:/wormabicaatagovl>awatde conti 
ttrall busines for cooperative research and development 
‘with research inion through uniform, dice phase 
proces. The gal of Congres in eablshing che STTR. 
Program wat vo tanserechnology developed by univers 
and federal laboratories othe maketplac hough the 
‘cotreprenetihip of saall busines. 

‘Although madeed afer the SBIR ogra, STR ia 
separate ativty and is separately funded. The STTR Progra 
‘fers Gore the SBIR Progra in chat de funding and 
technical cape limited and parscipans mst be teams of 
‘all businenes and researc fatiutions that wll conduct, 
joint earch. 


(Continued) 











— Commercial Technology Network and Affiliations — 


(Continued) 


“The Feder Laboratary Consortium (FLC) for 
‘Technology Tranfer<hup//wededabsorg> wit 
np in 1974 to promote and atengen technology 
tafe nationwide. More than 600 major federal aborto- 
ties an centers, including NASA. ate curently member 
"The mision of the FLC wold: 

+ Te promote and flat the rapid movement of 
federal aboratory eeeatch results and technologies 
invo the mainatea ofthe US. econony. 

+ Tauiea coordinated progam that meee the 
vechnology transfer support needs of FLC member 
laboratories, agence, and cir potest panes in 
the transer proces, 

“The National Robotics Engineeting Cansortnmn 
(NREC) chupe/iwwwsecehemueda> isa cooperative 
‘venture among NASA, the ity of Picaburgh, the State of 
‘Pennaplrania, and Carnie Melons Robotics Intute. Ie 
‘mission is to move NASA. funded robotics technology ta 
industry. dsl parner join the NREC withthe goa af 
‘sing technology gain a peter matke share, develop new 
tiche markets o create entirely new mashes within thir 
aaof 

“The ond wo echnologycontmetcialization begins with 
the basic and appli esearch eu frm the work of 
scien, engineer, and her echeieal and management 
‘petonnel. The NASA Scientific and Technical Information 
(STD Program chupr//wwwst.nas gov provides the 
‘widest ppropriate dserinaion of NASAS research reuls 
‘The STI Program acquires, procese, archives, announces, 
stu dseminates NASA internal, wells worldwide, ST 

"The NASA STI Program offers usr such things a+ 
Invenet acest its database of over thee milion abstrac, 
‘sine ordering of documens and the NASA STI Help 
Deak for amicance in scceatng ST1teoutes and informa: 
tion, Fee regtraton with the program is rallable though 
the NASA Center for AeoSpate Information (CAS). 


‘ging Cnr 
(ai ed 
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dsp nnd 
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See yeane 








For more than thee decades, parting ra industry on any 
‘new, commercial sigufcan cehnalogis developed inthe 
‘courte of NASA research and development effrs hat been 
‘Sccomplished though the publication of NASA Tech Bret 
‘chap iworsasuech con. 

“The monthly magazine features innovations foes NASA, 
industry partners and contractors that ca be spied «9 
develop new ec iraproved product and sve enginrring ot 
‘manufceting probes, Authored by the enginer of 
‘setisswh performed the orignal work the brief cover 
‘arity af disiplines, including compute software, mechan 
ica and life sciences Moat il ofera fee supplemental 
“Technical Support Package (TSP), which explains the 
technology in greater deel and provide comet pois for 
‘quenion Licensing dscusins 

“Aetpace Tecnology Innovation csc ae gon! 
Innovation/index hu is published bimonthly by the NASA 
(Office of Aerospace Technology. Regular Feature include 
current news and opportunites in wechnology nf and 
‘commercalation arrepace technology and development, 
and innovative rath, 

[NASA Spina hp! waist gota spinoff els 
‘nan annual print and onine publication featisingeurent 
teseach and development effort, the NASA Commercial 
‘Technelogy Progra, and sucesul commercial and indus- 
tal applications of NASA technology. © 








— Commercial Technology Network 


be NASA Commercial Technology Network 
(NCTN) extends from coast wo cast. For specie 
{nferation concerning commercial chology cities 
decid below conc th ppp tonne athe its 
Titel o go tothe Ine a chap /actn na gr 
(Genera inqiies may be fare to the Nasional Techology 
“Traner Conte 

"Te publ your ues sour producer you may have 
commerciale wing NASA wchnalgyasance, or know 
‘hon contac the NASA Cente for AcaSjce Information oF go 
tobe lnteme se 


hupd wort nat gout o/contbutoc him 





‘A Field Center Commercial Technology Offices 
Represent NASAS technology sousces and 
‘manage centr participation is techology 
ttunlersetivites. 

2% National Technology Tansfer Center (NTTC) 
Provides national information, feral, and 
‘comamercaizaion services for NASA and ater 
‘gvemnment bborsories, 


1 Regional Technology Transfer Centers (RTTC) 
Provide rapid scons to information, a well as 
technical und commercialation services, 

‘% Research TiiangleInstnte 
Provides ange of technology management 
services including technology assessment, 
“aluation and marketing: maker analysis, 
inlleeual propery audi: commercialzation 
planning: andthe development of parterships 

















‘A FIELD CENTERS 


Ames Research Center 
[National Aeronautics and Space Adminstration 
Molle Feld, California 94035. 

(Chit, Commercial Technology Office 

Caraina Blake 

Phane (650) 604-0893 

Eni: chloe atenast gor 


yen Hight Research Center 

[National Acronatice and Space Administration 

4800 Lilly Drive, Building 4839 

Edwards, California 93523-0273 

(Chet, Public Asie, Commercialization, and 
Education Office 

denier Ber Bicdbart 

Phone: (661) 276.3689 

Eni: jennyhaersedhant@ulenss gor 


Gena Research Center at Lewis Field 
[National Acronattice and Space Adminstration 
21000 Brokpatk Road 

(Geveland, Ohio 44135 

(Chit, Commercial Technology Office: 

Laney Viterne 

Phone: (216) 433-5398 

Email: era vtermaSgresas gov 


Goddard Space Flight Center 
[National Acronautis and Space Administration 
(Greenbelt, Maryland 20771 

Chit, Commercial Technology Office: 

Georg Alcorn, PhD. 

Phone: (301) 286.5810 

Ena: plcomm@pop 700 fens gow 


‘et Propulsion Laboratary 
‘4800 Oak Grove Drive 

Pasadena, California 91109 

‘Manage, Commercial Technology Program Ofc: 
Merle McKie 

Phone: (818) 354-2577 

Email: ele mckenic@ph.ast go 





Lyndon B. Jobaion Space Center 

[National Acronis and Space Adminintation 

Howton, Tess 7058, 

‘Asing Directo, Technolgy Taner and 
‘Commeralation Office: 

(Charen E. Gilbert 

Phone (281) 485-0474 

nail charlene e gilbert ec nam gov 


John E Kennedy Space Center 

[National Aeronautics and Space Administration 

Kennedy Space Cemer, Hovids 32899 

(Chel. Technology Program and 
Conimerialation Office: 

ames A Alert 

Phone: (321) 867-6224 

Email: jim aiber-1@lscnasa.gov 


Langley Research Center 
[atonal Acronaties and Space Administration 
Hampton, Vegaia 23681-2199 

Digecto,Techology Commercializaton Program Office: 
Samael A. Moelle 

Phone (757) 864-6005 

Eni 22 mordlo@lare. nas gon 


Geoage C: Mahal Space light Center 
National Actonatticr and Space Adminisaton 
‘Marshall Space Flight Center, Alabama 35812 
Deputy Manage, Technology Tansfer Office 
Nemeto Metin 

Phone (256) 544-2615 

Eni: yernessosnemilan raf. gor 


John C. Stennis Space Center 
[National Acronutics and Space Administration 
Stennis Space Center, Missi 39529 
“Manager, Technology Tinsfer Office: 

Kick Shop 

Phone: (228) 688-1914 

Ena: kikaharpwenata.goy 





X NATIONAL TECHNOLOGY TRANSFER 
CENTER (NTTC) 


‘Wheeling Jae Univesisy 
‘Whesing, West Virginia 26003 
Jeph Allen, reid 

Phone: (308) 243-2455 

Ena llen@anceda 





REGIONAL TECHNOLOGY TRANSFER 
‘CENTERS (RTTCS) 


Far West 
“Technology Tatler Center 

3716 South Hope Suet, Suite 200 
Ls Angeles, California 90007-4344 
Keaneth Dae, Diecer 

Phone: (800) 642-2872 

Email: kdori@ninae.ola 


Mid-Adancic 
“Technology Commetilication Center 
12050 Jelfenon Ave, Suite 340 
Newport News, Vega 23606 
(Charles Blankenship, Director 

Phone (757) 269-0025 

El: epb@mractrcoentecorg 


Mid-Continent 
“Technology Tatler Center 

“Teas Engineting Extension Service 
“Technology 8 Econotnc Developenent Division 
College Satin, Texas 77860-7896 

Gary Sera Director 

Phone (979) 845-2907 

Email atysert@recemaiLomu.cda 


Mid-West 
‘Great Lakes Indus Technology Cem (GLITEC) 
120445 Emerald Paskoway Drive, SW, Suite 200 
‘Cleveland, Ohio 44135, 

Marty Kas, President 

Phone: (440) 734-0094 

Email: ker butler, 


Northeast 
Centr for Technology Commerialiation (CTC) 
1400 Computer Dive 

‘Westboro, Masiachuserts 01581 

Willig Gasko, Dinetor 

Phone: (508) 870-0042 

Eni: wgako@ctcorg 


Southeast 
“Technology Transfer Center (SERTTC) 
151 6 Stet, 216 O'Keefe Bulding 
‘Adlata, Geoegia 30332 

David Bridge Director 

Phone: (408) 894-6785 

Ent: nas ed gach ola 


‘4 RESEARCH TRIANGLE INSTITUTE 


“Techoology Application Tear, 
20, Bow 12184 

Research Tangle Park, Nore Carolina 27709 
Dian Winfield, Dies 

Phone: (919) 541-6431 

En: win ele org 


NASA CENTER FOR AEROSPACE 
INFORMATION 


Spinoff Project Office 
[NASA Center for AcroSpace Information 
7121 Seandand Drive 

Hanover Marland 21076-1520, 

ita chi, Project Manager 

Phone: (301) 621-0182 

En jchmide ht nasa gov 


Kevin Win, Photographer 
“Angie Sehinge,Phtoeipher 








